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IKKPYRIMIDINE TBK/IKKE INHIBITOR COMPOUNDS AND USES THEREOF

RFLATFD APPLICATIONS

This application claims thc bcncfit of U.S. Provisional Application 62/573,255, filed on October

17, 2017. The entire content of the aforementioned application is incorporated herein by reference.

TFCHNICAI. FIFI.D OF THF. INVFNTION

Thc prcscnt invention provides for compounds of Formula (I) as dual inhibitors of TBK and

IKKE that can bc used to treat immunological disorders, TBK and/or IKKE inhibitors and their usc

in the treatment of cancer, and other diseases related to TBK and/or IKKE overexpression,

including rhmunatoid arthritis, systemic lupus crythcmatosus or lupus nephritis.

BACKGROUND OF THE INVENTION

Protein kinases regulate nearly every cellular process. including metabolism, cell proliferation, cell

diffcrcntiation, and cell survival, so they arc attractive targets for thcrapcutic intcrvcntion for

various disease states. For example, cell-cycle control and angiogenesis, in which protein kinases

play a pivotal role are cellular processes associated with numerous disease conditions such as but

not limited to cancer, inflammatory discascs, abnormal angiogcncsis and diseases rclatcd thcrcto,

atherosclerosis, macular degeneration, diabetes, obesity. and pain.

One ol'he principal mechanisms by which cellular regulation is effected is through the

transduction of extracellular signals across ihe membrane that in turn modulate biochemical

pathways within thc cell. Protein phosphorylation rcprcscnis one course by which intraccllular

signals arc propagated from molecule to molecule resulting finally in a cellular response. These

signal transduction cascades are highly regulated and ol'ten overlap, as is evident from the

cxisicncc of many protein kinascs as well as phosphatases. Phosphorylaiion of proteins occurs

predominantly at scrine, thrconinc or tyrosine rcsiducs, and protein kinascs have thcrcforc bccn

classified by their specificity of phosphorylation site, i.c. scrinc/threoninc kinases and tyrosine

kinases. Since phosphorylation is such a ubiquitous process within cells and since cellular

phenotypes arc largely influcnccd by thc activity of thcsc pathways, it is currently bclicvcd that a

number of discase states and/or diseases arc attributablc to either aberrant activation or functional

mutations in the molecular components of kinasc cascades. Conscqucntly, considerable attention



WO 2019/079375 PCT/I/52010/056192

has been devoted to thc charactcrisation ol'hcsc proteins and compounds that arc able to modulate

their activity (for a review see: Weinstcin-Oppenheimer et al. Pharma. k. Thcrap., 2000, 88, 229-

279).

IKK0 and TBKI are serine/ihreonine kinases which are highly homologous io one another and

other IkB kinases. The two kinascs play an integral role in thc innatc immune system. Double-

stranded RNA viruses arc recognised by thc Toll-like rcceptors 3 and 4 and the RNA helicascs

RIG-I and MDA-5 and result in activation of thc TRIF-TBKI/1K'-IRF3 signalling cascade,

which results in a type I interferon rcsponsc.

In 2007, Bochm ct al. dcscribcd IKKa as a novel breast cancer oncogcne (J.S. Bochm ct al., Cell

129, 1065-1079, 2007). 3S4 kinases were investigated with respect io their ability to recapitulate

ihe Ras-transfotming phenotype together with an activated I'orm ol the MAPK kinase Mek. IKK0

was identified here as a cooperative oncogcne. In addition, the authors werc able to show that

1K's amplified and ovcrexpressed in numerous breast cancer cell lines and tumour samples.

Thc reduction in gcnc expression by means of RNA inicrfcrcncc in breast cancer cells induces

apoptosis and impairs the proliferation thereof. Eddy ct al. obtained similar findings in 200S, which

underlines the importance of IKKa in breast cancer diseases (S.F.Eddy et al., Cancer Res. 2005;

6S (24), 11375-11383).

A protumorigenic effect of TBKI was reported for thc first time in 2006. In a screening of a gene

library comprising 251,000 cDNA, Korherr ct al. identified prcciscly thrcc genes, TRIF, TBKI

and IRF3, which are typically involved in the innate immune defence as proangiogenic factors

(C,Korherr ct al.. PNAS, 103. 4240-4245, 2006). In 2006, Chien et al. (Y.Chien ci al., Cell 127,

IS7-170. 2006) published that TBKI-/- cells can only be Iransfot7ned io a limited extent using

oncogcnic Ras, which suggests an involvcmcnt of TBKI in the Ras-ntcdiatcd transformation.

Furthet7nore, they were able to show that an RNAi-mediated knockdown of TBKI ttiggers

apopiosi» in MCF-7 and Pane-I cells. Barbie ci al. recently published thai. TBKI is of essential

impottance in numerous cancer cell lines with mutated K-Ras, which suggests thai TBKI inter-

vention could bc of therapeutic importance in corresponding tumours (D.A.Barbie ct al., Nature

Letters I-S, 2009).

Diseases caused by protein kinascs are characterised by anomalous activity or hyperactivity of

such protein kinases. Anomalous activity relates to either: (I) expression in cells which do noi

usually cxprcss thcsc protein kinascs; (2) incrcascd kinasc cxprcssion, which results in undcsircd
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cell proliferation, such as cancer; (3) increased kinasc activity, which results in undesired cell

proliferation, such as cancer, and/or in hyperactivity of the corresponding protein kinascs.

Hyperactivity relates either io amplil'ication ol the gene which encodes I'or a certain protein kinase,

or thc gcncration of an activity lcvcl which can bc correlated with a cell proliferation discase (i.c.

thc severity of onc or more symptoms of thc cell proliferation discase increases with increasing

kinase level). Thc bioavailability of a protein kinase may also bc influenced by the prcscnce or

absence oi' sei of binding proteins of this kinase.

IKKE and TBKI are highly homologous Ser/Thr kinases critically involved in the innate immune

response through induction of type I intcrferons and other cytokincs. These kinases are stimulated

in response to viral/bacterial infection. hnmune response to viral and bacterial infection involves

ihe binding ol antigens such as bacterial lipopolysaccharide (LPS), viral doublesiranded RNS

(dsRNA) to Toll like rcccptors, then subsequent activation of TBKI pathway. Activated TBK I

and IKKe phosphorylatc IRF3 and IRF7. which triggers thc dimerization and nuclear translocation

of those interferon regulatory transcription I'actors, ultimately inducing a signaling cascades

leading to IFN production.

SUMMARY OF THE INVENTION

In one aspect, the invention provides a compound of Formula (I):

CN

N

N N

H R

or a pharrnaccutically acceptable derivative, solvatc, salt, hydrate or stcrcoisomcr thcrcof.

In another aspect, thc invention provides compounds of Formula (I) which arc suitable as a dual

inhibitor of TBK and IKKe. The compounds of thc invention have high solubility and high

bioavailabiliiy.
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In another aspect, thc invention provides methods for thc treatment and/or prcvcntion of

immunological disorders related to TBK and IKKE comprising administering a compound of

Formula (I). In another aspect, thc invention provides compounds which arc able to modulate,

especially inhibit ihe activity or I'unction of TBK and IKKE in disease states in mammals.

In certain embodiments, the present invention provides compounds of Formula (I) which are

selective for TBK and/or 1K'. In certain embodiments, the present invention provides

compounds of Formula (Il which are selective for TBK and IKKE.

DETAILED DESCRIPTION OF CFRTAIN EMBODIMENTS

1. General Descri tion o Com ounds o tike Invention

In certain aspects, thc prcscnt invention provides for dual inhibitors of TBK and IKKE. In some

embodiments, such compounds include those oi'he 1'ormulae described herein, or a

phatmaceutically acceptable salt ihereol; wherein each variable is as del ined and described herein.

2. Com oundh and De initiotts

Compounds of this invention include those described generally above, and are further illustrated

by the classes, subclasses, and species disclosed herein. As used herein, the following definitions

shall apply unless otherwise indicated. For purposes of this invention, thc chemical clcmcnts arc

identified in accordance with ihc Periodic Table of ihc Elements, CAS version. Handbook of

Chemistry and Physics, 75" Ed. Additionally, general principles of organic chemistry are

described in "Organic Chemistry", Thomas Sorrell, University Science Books, Sausalito: 1999,

and "March's Advanced Organic Chemistry", Sa'd., Ed.: Smith, M.B. and March, I, Iohn Wiley

k Sons. Ncw York: 2001, the entire contents of which arc hereby incotporatcd by rcfercnce.

Thc tcrrn "aliphatic" or "aliphatic group'*, as used hcrcin, means a straight-chain (i.c., unbranchcd)

or branched, substituted or unsubstituted hydrocarbon chain that is completely saturated or that

contains one or more units of unsaturai ion, or a monocyclic hydrocarbon or bicyclic hydrocarbon

that is completely saturated or thai contains one or morc units of unsaiuraiion, bui. which is noi

aromatic (also rcfcrrcd to herein as "carbocyclc'* "cycloaliphatic" or "cycloalkyl"), that has a single

point of attachment to the rest of the molecule. Unless otherwise specified, aliphatic groups

contain 1-6 aliphatic carbon atoms. In some embodiments, aliphatic groups contain I-S aliphaiic

carbon atoms. In other embodiments, aliphatic groups contain 1-4 aliphaiic carbon atoms. In still

other cmbodimcnts, aliphatic groups contain 1-3 aliphatic carbon atoms, and in yct other
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embodiments, aliphatic groups contain 1-2 aliphatic carbon atoms. In some embodiments,

*'cycloaliphatic" (or *'carbocycle" or "cycloalkyl") refers to a monocyclic Cz-C6 hydrocarbon that

is completely saturated or thai contains one or more units of unsaiuration, bui which is noi

aromatic, that has a single point of attachrncnt to the, rest of the. molecule. Exemplary aliphatic

groups arc linear or branched, substituted or unsubstituted Ci-Cs alkyl, Ca-Cs alkcnyl, Ca-Cs

alkynyl groups and hybrids thereof such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or

(cycloalkyl)alkenyl.

Thc term "lower alkyl" rcfcrs to a Ct 4 straight or branched alkyl group. Exemplary lower alkyl

groups arc methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and tert-butyl.

Thc term "lower haloalkyl'* refers to a Ct z straight or branched alkyl group that is substituted with

one or more halogen atoms.

Thc term 'hctcroaiom" means onc or morc of oxygen, sulfur. nitrogen. or phosphorus (including,

any oxidized form of nitrogen, sulfur, or phosphorus; ihc ciuatcrnizcd form of any basic nitrogen

or; a substitutable nitrogen of a heterocyclic ring, for example N (as in 3,4-dihydro-2H-pyrrolyl),

NH (as in pyrrolidinyl) or NR+ (as in N-substituted pyrrolidinyl)).

Thc term "unsaturated". as used herein, means thai a moiety has one or more units of unsaturation.

As used herein, the term "bivalcni Ct s (or Ct 0) saturated or unsaturated, straight or branched,

hydrocarbon chain", refers to bivalent alkylenc, alkcnylenc, and alkynylene chains that are straight

or branched as del'ined herein.

According to thc invention, bivalent groups include substitution in both directions, and when

inserted between any iwo groups, (c.g., ihe group "-OC(O)-" or "COz" inserted bc(ween X and Y),

0 0
X. X H..Y

includes both 0 Y and X 0
The term "alkylene" refers io a bivalent alkyl group. An "alkylcnc chain" is a polymcihylene

group, i.c., —(CHz)n . wherein n is a positive inicgcr, preferably from I io 6„ from I io 4, from I io

3, from 1 to 2, or from 2 to 3. A substituted alkylcnc chain is a polymcthylcnc group in which onc

or more methylene hydrogen atoms are replaced with a substituent. Suitable substituents include

those described below for a substituted aliphaiic group.

The term "alkenylene" refers to a bivalcni alkenyl group. A substituted alkenylcnc chain is a

polymcthylcnc group containing at least onc double bond in which onc or morc hydrogen atoms
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arc replaced with a substituent. Suitable substituents include those dcscribcd below for a

substituted aliphatic group.

The tenn "halogen" means F, Cl, Br, or I.

Thc term "aryl" used alone or as part of a large»noicty as in "aralkyl", "aralkoxy", or

"aryloxyalkyl", refers to monocyclic and bicyclic ring systems having a total of five to fourtccn

ring members, wherein at least one &ing in the system is aromatic and wherein each ring in the

system contains three io seven ring members. The tenn "aryl" is used interchangeably with the

term "aryl ring'*. In certain cmbodimcnts of thc prcscnt invention, "aryl" rcfcrs to an aromatic ring

system. Exemplary aryl groups arc phenyl. biphcnyl, naphthyl, anihracyl and thc like, which

optionally includes one or more substituents. Also included within the scope of the term *'aryl",

as ii is used herein, is a group in which an aromatic ring is I'used io one or more non—aromatic

rings, such as indanyl. phthalimidyl, naphthimidyl, phcnanthridinyl, or tetrahydronaphthyl, and

thc like.

Thc terms "hctcroaryl" and *'heteroar—", used alone or as part of a larger moiety, c.g.,

"heieroaralkyl", or "heteroaralkoxy", refer to groups having 5 to 10 ring atoms, prel'erably 5, 6, or

9 ring atoms; having 6, 10, or 14 &t electrons shared in a cyclic anay; and having, in addition io

carbon atoms, from onc to five heteroatoms. The term "hctcroatom" refers to nitrogen, oxygen, or

sulfur, and includes any oxidized form of nitrogen or sulfur, and any quatcrnizcd form of a basic

nitrogen. Heteroaryl groups include, without limitation, thienyl, furanyl, pynolyl, imidazolyl,

pyrazolyl, triazolyl, ieirazolyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, isoihiazolyl,

thiadiazolyl, pyridyl, pyridazinyl, pyri&nidinyl, pyrazinyl, indolizinyl, purinyl, naphthyridinyl, and

pteridinyl. The terms "heieroaryl" and "heteroar—", as used herein, also include groups in which a

heteroaromatic ring is fused io one or more aryl, cycloaliphatic, or heterocyclyl &ings, where the

radical or point of attachment is on thc heteroaromai ic ring, bioniimiting examples include indolyl,

isoindolyl, bcnzothicnyl, bcnzofuranyl, dibcnzofuranyl, indazolyl, bcnzi&nidazolyl, bcnzthiazolyl,

quinolyl, isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4/H—quinolizinyl,

carbazolyl, ac&idinyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,

ieirahydroisoquinolinyl, and pyrido[2,3—bJ — 1,4—oxarin—3(4H)—one. A heieroaryl group is

optionally mono— or bicyclic. Thc tcr&n 'hctcroaryl" is used interchangeably with thc terms

"heteroaryl ring", "heteroaryl group*', or "heteroaromatic*', any of which te&ms include rings that
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arc optionally substituted. The term "hctcroaralkyl'* refers to an alkyl group substituted by a

heteroaryl, wherein the alkyl and heteroaryl portions independently arc optionally substituted.

As used herein, the tertns "heterocycle", "heierocyclyl", "heterocyclic radical", and "heterocyclic

ring" are, used intcrchangcably and rcfcr to a stable S— to 7—mcmbcrcd monocyclic or 7— 10—

mcmbercd bicyclic heterocyclic moiety that is cithcr saturated or partially unsaturated, and having,

in addition to carbon atoms, one or more, preferably one to four, heteroatoms, as defined above.

When used in relerence io a ring atom oi' heterocycle, ihe term "nitrogen" includes a substituted

nitrogen. As an cxamplc, in a saturated or partially unsaturated ring having 0—3 hctcroatoms

sclcctcd from oxygen, sulfur or nitrogen, thc nitrogen is N (as in 3,4—dihydro—2H—pyrrolyl), NH

(as in pyrrolidinyl), or 'NR (as in N—substituted pyrrolidinyl).

A heterocyclic ring can be attached to its pendant group ai any heieroatom or carbon atom thai

results in a stable structure and any of thc ring atoms can be optionally substituted. Examples of

such saturated or partially unsaturated hctcrocyclic radicals include, without limitation,

tetrahydrofuranyl, tetrahydrothiophenyl pyrrolidinyl, piperidinyl, pynolinyl, tctrahydroquinolinyl,

ieirahydroisoquinolinyl, decahydroquinolinyl, oxaxolidinyl, piperaxinyl, dioxanyl, dioxolanyl,

diazcpinyl. oxaxcpinyl, ihiazcpinyl. motpholinyl. and quinuclidinyl. The terms "hcicrocycle",

"hcicrocyclyl", "heterocyclyl ring", "hctcrocyclic group", "heterocyclic moiety", and

*'hctcrocyclic radical'*, arc used intcrchangcably hcrcin, and also include groups in which a

heterocyclyl ring is fused to one or more aryl, heteroaryl, or cycloaliphatic rings, such as indolinyl,

3H—indolyl, chromanyl. phcnanthridinyl, or icirahydroquinolinyl, where the radical or point of

aiiachment is on the heierocyclyl ring. A heterocyclyl group is optionally mono— or bicyclic. The

term "hctcrocyclylalkyl'* rcfcrs to an alkyl group substituted by a hctcrocyclyl, whcrcin thc alkyl

and heterocyclyl pottions independently are optionally substituted.

As used herein, ihe term "partially unsaturated" refers io a ting moiety ihai includes ai. least one

douhle or itiple bond. The icrtn "partially unsaturated" is intended to encompass rings having

rnultiplc sites of unsaturation, but is not intcndcd to include aryl or hctcroaryl moictics, as hcrcin

defined.

As described herein, certain compounds ol ihc invention contain "optionally substiiuied" moieties.

In general, ihc term "subsiiiuicd", wheiher preceded by the icrm "optionally" or not, means ihai

one or morc hydrogcns of thc dcsignatcd moiety are rcplaccd with a suitable substituent.

"Substituted" applies to one or more hydrogens that are either explicit or implicit from the structure
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R" R1

NH N— R R"

(c.g., rcfcrs to at least; and refers to at least

NH NH

R" R'r R . Unless otherwise indicated, an *'optionally substituted"

group has a suitable subsiitueni ai each substitutable position of ihe group, and when more than

onc position in any given structure is substituted with morc than onc substituent sclcctcd from a

spccificd group, thc substituent is either the same or diffcrcnt ai every position. Combinations of

substituents envisioned by this invention are preferably those that result in thc formation of stable

or chemically feasible compounds. The term "stable", as used herein, refers to compounds thai

arc not substantially altcrcd when subjected to conditions to allow for their production, dctcction,

and, in ccrtain embodiments, their rccovcry, purification, and usc for one or morc of thc purposes

disclosed herein.

Suitable monovalent subsiiiuenis on a substitutable carbon atom ol'n 'optionally substituted"

group are independently deutetium; halogen; —(CHz)0 9R', —(CHz)a &OR', -O(CHz)o&R', —0—

(CHz)0 9C(O)OR', —(CHz)a 4CH(OR')z', —(CHz)o 4SR', —(CHz)0 9Ph, which are optionally

substituted with R', —(CHz)0 90(CHz)0 tPh which is optionally substituted with R', —CH=CHPh,

which is optionally substituted with R', —(CHz)a ~O(CHz)a t-pyridyl which is opi.ionally

substituted with R', —NOz; —CN; —Nz', -(CHz)o &N(R')z', —(CHz)0 wN(R')C(O)R', —N(R')C(S)R',

—(CHz)~N(R')C(O)NR'z, -N(R')C(S)NR'z; —(CHz)mN(R')C(O)OR',

N(R )N(R')C(O)R; -N(R )N(R')C(O)NR z; -N(R )N(R )C(O)OR; —(CHz)0 &C(O)R;

C(S)R', —(CHz)0 9C(O)OR; —(CHz)a 4C(O)SR; -(CHz)a 4C(O)OSiR's', —(CHz)o &OC(O)R',—

OC(O)(CHz)a~SR', SC(S)SR', —(CHz)awSC(O)R', —(CHz)mC(O)NR'z; —C(S)NR'z', —C(S)SR";

—SC(S)SR', -(CHz)a 9OC(O)NR'z; -C(O)N(OR')R', —C(O)C(O)R', —C(O)CHzC(O)R',

C(NOR')R', -(CHz)o &SSR', —(CHz)o &S(O)zR', —(CHz)o &S(O)zOR', —(CHz)o &OS(O)zR',

S(O)zNR'z', -(CHz)mS(O)R', -N(R')S(O)zNR'z; —N(R')S(O)zR', —N(OR')R', —C(NH)NR'z;—

P(O)zR', -P(O)R'z; -OP(O)R'z; —OP(O)(OR')z; SiR'z; —(Ct 9 straight or branched alkylene)O-

N(R')z, or —(Ctw straight or branched alkylcnc)C(O)O—N(R')z, wherein each R's optionally

substituted as defined below and is independently hydrogen, Ct 6 aliphatic, —CHzPh, —O(CHz)a
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&Ph, -CH&-(6-6 mcmbcrcd hctcroaryl ring), or a 6—6—mcmbcrcd saturated, partially unsaturated, or

aryl ring having 0-4 heteroatoms independently sclccted from nitrogen, oxygen, or sulfur, or,

notwithstanding thc definition above, two independent occurrences of R', taken together with their

intervening atom(s), form a 3 — 12—mcmbc&cd saturated, partially unsaturated, or aryl mono— or

bicyclic ring having 0-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur,

which is optionally substituted as defined below.

Suitable monovalent substitucnts on R'or the ring formed by taking two independent occurrences

of R'ogether with their intervening atoms), are independently deuterium, halogen, —(CHz)0 zR',

—(haloR'), —(CHz)t zOH, —(CHz)0 zOR', —(CHz)0 zCH(OR'', -O(haloR'), —CN, —N;, —(CHz)0

zC(O)R, —(CHz)0 zC(O)OH, —(CHz)0 zC(O)OR, —(CHz)0 zSR, —(CHz)0 zSH, —(CHz)0 zNHz,—

(CHz)n zNHR', —(CHz)o zNR'z, —NOz. —SiR'&. —OSiR'&. -C(O)SR', —(C«straight or branched

alkylene)C(O)OR', or —SSR'herein each R's unsubstituted or where preceded by "halo'* is

substituted only with one or more halogens, and is independently selected from C&~ aliphatic,—

CHzPh, —O(CHz)0 &Ph, or a 6 —6—membered saturated, partially unsaturated, or aryl ring having 0—

4 hctcroatoms independently sclcctcd from nitrogen, oxygen, or sulfur. Suitable divalent

substitucnts on a saturated carbon atom of R'nclude =0 and =S.

Suitable divalent substituents on a saturated carbon atom of an "optionally substituted" group

include the following: =0, =S, =NNR z, =NNHC(O)R, =NNHC(O)OR, =NNHS(O)zR, =NR,

=NOR', —O(C(R z))z 30—, or —S(C(R z))z &S—, wherein each indcpcndcni occurrence of R is

sclcctcd from hydrogen, C& a aliphatic which is substituted as dcfincd below, or an unsubstitutcd

S—6—membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently

sclccicd from nitrogen, oxygen, or sulfur. Suiiablc divalent subsiitucnis thai are hound io vicinal

substiiuiable carbons of an "optionally substiiuied" group include; —O(CR z)z &O—, wherein each

independent occurrcncc of R's sclcctcd fro&n hydrogen, C& 0 aliphatic which is optionally

substituted as defined below, or an unsubstituted 6—6—membered saturated, ptutially unsaturated,

or aryl ring having 0—4 hcicroatoms independenily selecicd from nitrogen, oxygen, or sulfur.

Suitable substii.uents on the aliphaiic group ol R include halogen. —R', -(haloR'). -OH. —OR',—

O(haloR'), —CN, —C(O)OH, —C(O)OR', —NHz, —NHR', —NR'z, or —NOz, whcrcin each R's
unsubstituted or where preceded by "halo" is substituted only with one or more halogens, and is

independently C«aliphaiic, —CHzPh, —O(CHz)0 IPh, or a 5 —6—membered saiuraied, partially
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unsaturated, or aryl ring having 0—4 hctcroatoms indcpcndcntly selected from nitrogen, oxygen,

or sulfur.

Suitable substiiuents on a substitutable nitrogen of an "optionally substituted" group include —R',

NRt, C(O)R- C(O)OR/ C(O)C(O)Rt C(O)CH,C(O)R- S(O)2R- S(O),NR

C(S)NR'"2, —C(NH)NR'2, or —N(R')S(O) R'; whcrcin each R's indcpcndcntly hydrogen. Ci 0

aliphatic which is optionally substituted as defined below, unsubstituted —OPh, or an unsubstitutcd

S—6—membered saturated, partially unsaturated, or aryl ring having 0—4 heteroaioms independently

sclcctcd from nitrogen, oxygen, or sulfur, or, notwithstanding thc definition above, two

indcpcndcnt occurrcnccs of Rt, taken together with their intervening atom(s) form an unsubstitutcd

3— 12—membered saturated, partially unsaturated, or aryl mono— or bicyclic ring having 0—4

heteroatoms independently selected 1'rom nitrogen, oxygen, or sulfur.

Suitable substitucnts on thc aliphatic group of R're independently halogen, —R', -(haloR'), —OH,

—OR', —O(haloR'), —CN, —C(O)OH, —C(O)OR', —NH2, —NHR', —NR'2, or -NOz. wherein each

R's unsubstituted or where preceded by "halo" is substituted only with one or more halogcns,

and is independently C1 9 aliphaiic, —CH2Ph, —O(CH2)0 1Ph, or a S—6—membered saturated,

partially unsaturated, or aryl ring having 0—4 heteroatoms indcpcndcntly selected from nitrogen,

oxygen, or sulfur.

In cetxain cmbodimcnts, thc terms "optionally substituted", *'optionally substituted alkyl,"

'optionally substituted "optionally substituted alkenyl,'* "optionally substituted alkynyl",

"optionally substituted carbocyclic," "optionally substituted aryl", " optionally substituted

hctcroaryl." "optionally substituted heterocyclic," and any other optionally substituted group as

used herein, rcfcr to groups that arc substituted or unsubstitutcd by indcpcndcnt rcplaccmcnt of

one, two, or three or more of the hydrogen atoms thereon with typical subsiituenis including, but

not limited to:

-F, -Cl, -Br, -I, deuterium,

-OH, protcctcd hydroxy, alkoxy, oxo, thiooxo,

-NO2, -CN, CFs, Ns,

-NHz, protected amino, -NH alkyl, -NH alkenyl, -NH alkynyl, -NH cycloalkyl, -NH -aryl,

-NH -hetcroaryl, -NH -heterocyclic, -dialkylamino, -diarylamino, -diheteroarylamino,

-0- alkyl, -0- alkcnyl, -0- alkynyl, -0- cycloalkyl, -O-aryl, -O-hctcroaryl, -O-hctcrocyclic,

10
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-C(O)- alkyl, -C(O)- alkenyl, -C(O)- alkynyl, -C(O)- carbocyclyl, -C(O)-aryl, -C(O)-

heteroaryl, -C(O)-heterocyclyl,

-CONHz, -CONH- alkyl, -CONH- alkenyl, -CONH- alkynyl, -CONH-carbocyclyl,-

CONH-aryl, -CONH-hctcroaryl, -CONH-hctcrocyclyl,

-OCOz- alkyl, -OCOz- alkcnyl. -OCOz- alkynyl, -OCOz- carbocyclyl, -OCOz-aryl, -OCOz-

heteroaryl, -OCOz-heterocyclyl, -OCONHz, -OCONH- alkyl, -OCONH- alkenyl, -OCONH-

alkynyl, -OCONH- carbocyclyl, -OCONH- aryl, -OCONH- heteroaryl, -OCONH- heterocyclyl,

-NHC(O)- alkyl, -NHC(O)- alkcnyl, -NHC(O)- alkynyl, -NHC(O)- carbocyclyl,

NHC(O)-aryl, -NHC(O)-hctcroaryl, -NHC(O)-hctcrocyclyl, -NHCOz- alkyl, -NHCOz- alkcnyl,—

NHCOz- alkynyl, -NHCOz — carbocyclyl, -NHCOz- aryl, -NHCOz- heteroaryl, -NHCOz-

heterocyclyl, -NHC(O)NHz, -NHC(O)NH- alkyl, -NHC(O)NH- alkenyl, -NHC(O)NH- alkenyl,-

NHC(O)NH- carbocyclyl, -NHC(O)NH-aryl, -NHC(O)NH-hctcroaryl. -NHC(O)NH-

hctcrocyclyl, NHC(S)NHz, -NHC(S)NH- alkyl, -NHC(S)NH- alkcnyl, -NHC(S)NH- alkynyl,—

NHC(S)NH- carbocyclyl, -NHC(S)NH-aryl, -NHC(S)NH-heteroaryl, -NHC(S)NH-heterocyclyl,

-NHC(NH)NHz, -NHC(NH)NH- alkyl, -NHC(NH)NH- -alkenyl, -NHC(NH)NH- alkenyl,

NHC(NH)NH- carbocyclyl, -NHC(NH)NH-aryl, -NHC(NH)NH-hctcroaryl. -NHC(NH)NH-

hctcrocyclyl, -NHC(NH)- alkyl, -NHC(NH)- alkcnyl, -NHC(NH)- alkcnyl, -NHC(NH)-

carbocyclyl, -NHC(NH)-aryl, -NHC(NH)-heteroaryl, -NHC(NH)-hctcrocyclyl,

-C(NH)NH- alkyl, -C(NH)NH- alkenyl, -C(NH)NH- alkynyl, -C(NH)NH- carbocyclyl,-

C(NH)NH-aryl, -C(NH)NH-hctcroaryl, -C(NH)NH-heterocyclyl,

-S(O)- alkyl, — S(O)- alkcnyl, — S(O)- alkynyl, — S(O)- carbocyclyl, — S(O)-aryl, — S(O)-

hctcroaryl, — S(O)-hctcrocyclyl -SOzNHz, -SOzNH- alkyl, -SOzNH- alkcnyl, -SOzNH- alkynyl,—

SOzNH- carbocyclyl, -SOzNH- aryl, -SOzNH- heteroaryl, -SOzNH- heterocyclyl,

-NHSOz- alkyl, -NHSOz- alkenyk — NHSOz- alkynyk -NHSOz- carbocyclyl. -NHSOz-aryl,

-NHSO -heteroaryl. -NHSO -heterocyclyl,

-CHzNHz, -CHzSOzCHn

-mono-, di-, or tri-alkyl silyl,

-alkyl, -alkenyl, -alkynyl, -aryl, -arylalkyl, -hctcroaryl, -heteroarylalkyl, -heterocycloalkyl,

-cycloalkyl, -carbocyclic, -heterocyclic, polyalkoxyalkyl, polyalkoxy, -methoxymethoxy,

mcthoxycthoxy, -SH, -S- alkyl, -S- alkcnyl, -S- alkynyl, -S- carbocyclyl, -S-aryl, -S-hctcroaryl,—

S-heterocyclyl, or methylthiomethyl.

11
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As used herein, the term "pharmaccutically acccptablc salt'* refers to those salts which are, within

the scope of sound medical judgment, suitable for usc in contact with the tissues of humans and

lower animals without undue toxicity, irritation, allergic response and the like, and are

commensurate, with a rcasonablc bcncfit/risk ratio. Pharmaceutically acccptablc salts arc well

known in thc art. For example. S. M. Bcrgc ct al., describe pharmaccutically acccptablc salts in

detail in J. Phat1naceutical Sciences, 1977, 66, l — 19, incotporated herein by reference.

Pharmaceutically acceptable salts ol'he compounds oi'his invention include those derived from

suitable inorganic and organic acids and bases. Examples of phannaccutically acccptablc,

nontoxic acid addition salts arc salts of an amino group formed with inorganic acids such as

hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with

organic acids such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid

or malonic acid or by using other methods used in the art such as ion exchange. Other

pharmaccutically acceptable salts include adipate, alginatc. ascorbatc, aspartatc, bcnzcncsulfonatc,

bcnzoatc, bisulfate, borate, butyratc, camphorate, camphorsulfonatc, citratc,

cyclopenianepropionaie, digluconaie, dodecylsull'aie, eihanesullonaie, fot1nate, fumarate,

glucoheptonatc, glyccrophosphate, gluconate, hcmisulfatc, heptanoatc, hexanoate, hydroiodide, 2—

hydroxy—cihancsulfonate, lactobionate, lactate, lauraic, lauryl sulfate, malaic. maleatc, malonatc,

methanesulfonatc, 2—naphthalenesulfonatc, nicotinatc, nitrate, olcatc, oxalatc, palmitatc, parnoatc,

pectinate, persulfaie, 3—phenylpropionate, phosphate, pivalate, propionate, siearate, succinate,

sulfate, tari.rate, I.hiocyanai.c, p—i.olucncsulfonai.e, undccanoatc, valcrate salts, and ihc like.

Salts dcrivcd from appropiiatc bases include alkali metal, alkaline earth metal, ammonium and

N'(Ciwalkyli& salts. Rcprcscntative alkali or alkaline earth metal salts include sodium, lithium,

potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable salts include,

when appropriate, nontoxic ammonium, quaternary ammonium. and amine caiions formed using

counieiions such as halide, hydroxide, carboxylate, sulfate, phosphate. nitrate, lowcralkyl

sulfonatc and aryl sulfonatc.

Unless otherwise stated, structures depicted herein are also meant to include all isomeric (e.g.,

cnaniiomcric, diastereomcric, and geomciric (or confot1national)) forms of the structure; for

example, the R and S configurations for each asymmeiric center, Z and E douhle bond isomers,

and Z and E conformational isomers. Thcrcforc, single stcrcochcmical isomers as well as

enantiomeric, diastereomeric, and geometric (or conformational) mixtures of the present

12
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compounds arc within the scope of the invention. Unless othcnvisc stated, all tautomcric forms of

the compounds of the invention arc within the scope of thc invention.

Additionally, unless otherwise stated, structures depicted herein are also meant to include

co&npounds that differ only in the presence of onc o»nore isotopically cnrichcd atoms. For

example, compounds having thc prcscnt structures including the replace&nent of hydrogen by

deuterium or tritium, or the replacement of a carbon by a "C- or '-enriched carbon are within

ihe scope ol this invention. In some embodiments, ihe group comprises one or more deuterium

atoms.

Deuterium ( H) can also bc incorporated into a compound of thc formula I for&bc pu&T&osc in order

to manipulate thc oxidative metabolism of the compound by way of the primary kinetic isotope

efi'eci. The primary kinetic isotope efl'eci is a change ol'he rate I'or a chemical reaction that results

from cxchangc of isotopic nuclei. which in turn is caused by thc change in ground state energies

ncccssary for covalent bond formation after this isotopic cxchangc. Exchange of a hcavicr isotope

usually results in a lowering of the ground state energy for a chemical bond and thus causes a

reduction in the rate in rate-limiting bond breakage. If the bond breakage occurs in or in the vicinity

of a saddle-point region along thc coordinate of a multi-product reaction, thc product distribution

ratios can bc altered substantially. For explanation: if deuterium is bonded io a carbon atom ai. a

non-cxchangcablc position, rate diffcrcnccs of kM/k» = 2-7 arc typical. If this rate diffcrcncc is

successfully applied to a corn-pound of the fo&anula I that is susceptible to oxidation, the profile of

Ihis compound in vivo can bc drasiically modified and result in improved phar&r&acokinctic

properties.

When discovering and dcvcloping thcrapcutic agents, thc person skilled in thc art is able to

optimize pharmacokinetic parameters while retaining desirable in vitro properties. It is reasonable

io assume thai. many compounds with poor pharmacokinci.ic prol&les are susccptiblc io oxidative

metabolism. In vitro liver microsomal assays currently available provide valuable information on

thc course of oxidative &nctabolis&n of this type, which in turn permits thc rational design of

deuterated compounds of the formula I with improved stability through resistance to such oxidative

metabolism. Significant improvemenis in Ihc pharmacokinetic profiles of compounds ol the

formula I are thereby obiained, and can be expressed quantitatively in te&7ns ol increases in ihe in

vivo half-life (t/2), concentration at maximu&n therapeutic effect (C„,;„), area under the dose

response curve (AUC), and F; and in terms of reduced clearance, dose and materials costs.

13
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As used herein, the tctm "modulator" is defined as a compound that binds to and /or inhibits thc

target with measurable affinity. In certain embodiments, a modulator has an ICso and/or binding

constant of less about 50 ltM, less than about I ItM, less than about 500 nM, less than about 100

nM, or less than about 10 nM.

The terms *'measurablc affinity" and "measurably inhibit," as used herein, means a measurable

change in TBK and/or IKKe activity bctwcen a sample comprising a compound of thc present

invention, or composition ihereol; and TBK and/or IKKe, and an equivalent sample comprising

TBK and/or IKKe, in thc abscncc of said compound. or composition thcrcof.

Combinations of substiiuenis and variables envisioned by this invention are only those thai result

in the formation of stable compounds. Thc term "stable'*, as used herein. refers io compounds

which possess stability sufficient to allow manufacture and which maintains the integrity of the

compound for a sufficient period of time to bc useful for the putposcs detailed herein (e.g.,

therapeutic or prophylactic administration io a subject).

Thc recitation of a listing of chemical groups in any definition of a variable herein includes

definitions of that variable as any single group or combination of listed groups. Thc recitation of

an embodiment for a variable herein includes that embodiment as any single embodiment or in

combination with any other embodiments or portions thereof.

According to onc aspect. the prcscnt invention provides a compound of formula I,

p(RS)

CN

N /g
N N

R

or phannaceutically acceptable derivatives, solvates, salts, hydrates, or stereoisomers thereof,

wherein:

R's hydrogen, optionally substituted C iw aliphatic, -OR, or halogen;

14
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ring Z is phenyl or a 5-6-mcmbcrcd hetcroaryl having I, 2, or 3 nitrogcns;

each R- is independently -R, halogen, -OR, —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,

NRC(O)R, -NRC(O)N(R)z, -NRSOzR, or —N(R)z,

each Rs is indcpcndcntly -R, halogen, -OR. —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,

NRC(O)R. -NRC(O)N(R)zu -NRSOzR, or —N(R)z',

ring A is phenyl or a 5-6-membered hcteroaryl having I, 2, or 3 nitrogens;

R~ is -R, halogen, -OR, —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,

NRC(O)R. -NRC(O)N(R)zu -NRSOzR, or —N(R)z,

each Rs is indcpcndcntly -R, halogen, -OR. —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,—

NRC(O)R, -NRC(O)N(R)z, -NRSOzR, or —N(R)',

each R is independently hydrogen, Ct s aliphatic, Cz 10 aryl, a 3-8 membered saturated or partially

unsaturated carbocyclic ring. a 3-7 mcmbcrcd hcicrocylic ring having 1-4 hctcroaioms

independently sclcctcd from nitrogen, oxygen, or sulfur, a 5-6 mcmbercd monocyclic

heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, or

sulfur; or a 6-12 membered spiro, I'used, or bridged bicyclic carbocyclic or heterocyclic ring

having 1-4 heteroatoms independently sclcctcd from nitrogen, oxygen, or sulfur; each of which

is opi.ionally substituted; or

two R groups on the same atom are taken together with thc atom to which they are attached to

I'orm a Cs ta aryl, a 3-8 membered saturated or partially unsaturated carbocyclic ring, a 3-7

membered heierocylic ring having 1-4 hcicroatoms indcpendenily sclccicd from niirogcn,

oxygen, or sulfur, or a 5-6 membered monocyclic hctcroaryl ring having 1-4 heieroaioms

indcpcndcntly sclcctcd from nitrogen, oxygen, or sulfur; each of which is optionally

substituted;

nis I or2;

p is 0, I, or 2; and

qis 0, l,or2.
In certain embodiments, R's H.

In certain embodimeni s, ring Z is phenyl or a 5-6-membered heteroaryl having I, 2, or 3 niirogcns.

In ceri.ain embodiments, ring Z is phenyl, pyridinc, or pyrimidine.

In certain cmbodimcnts, ring Z is phenyl.

In certain embodiments, ring Z is pyridine.
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In certain cmbodimcnts, ring Z isp(R'(R

(R ),,(R )

CN
"'R'(R'N

N
(Rs)p

n(R')
CN

(R )p p(R )

or

In certain embodiments, ring Z is

n(R') p(R')
CN CN

(R')0 p(R')

n(R') n(R')
N

CN "
CN

(R')p (R )p

or

In certain embodiments, each R- is independently -R, halogen, -OR, or —N(R)2.

In certain embodiments, each R- is indcpcndcntly Ci 0 aliphatic. Ci in aryl, a 3-8 mcmbcrcd

saturated or partially unsaturated carbocyclic ting, a 3-7 membered heterocylic ring having 1-4

hctcroatoms independently selected from nitrogen, oxygen, or sulfur, or a 5-6 membered

monocyclic heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen, oxygen,

or sulfur; each of which is optionally substituted; or R- is halogen, -OR. or —N(R)2.

In certain embodirncnts, each R is indepcndcntly methyl, ethyl, propyl, i-propyl, butyl, s-butyl, t-

butyl, straight chain or branched pentyl, or straight chain or branched hexyl; each of which is

optionally substituted.

In certain embodiments, each R is independently phenyl, naphthyl, cyclopropyl, cyclobutyl,

cyclopcntyl, cyclohexyl, cyclohcptyl, adamantyl, cyclooctyl, [3.3.0]bicyclooctanyl,

[4.3.0]bicyclononanyl, [4.4.0]bicyclodecanyl, [2.2.2]bicyclooctanyl, fluorenyl, indanyl,

tetrahydronaphthyl, acridinyl, azocinyl, benzimidazolyl, benzofuranyl, benzothiofuranyl,

benzothiophenyl, benzoxazolyl, bcnzthiazolyl. benztriazolyl. henztetrazolyl, benzisoxazolyl,

bcnzisothiazolyl, bcnzirnidazolinyl, carbazolyl, NH-carbazolyl, carbolinyl, chrornanyl,

chromenyl, cinnolinyl, decahydroquinolinyl, 2H,6H-1,5,2-dithiazinyl, dihydrofuro [2,3-b]

tetrahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, I H-indazolyl,

indolenyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isoindolinyl, isoindolenyl, isobcnzoluranyl,

isochrornanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl,

motIiholinyl, naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl,

1,2,4-oxadiazolyl;- 1,2,5oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl,
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pyrimidinyl, phenanthridinyl, phcnanthrolinyl, phcnazinyl, phcnothiazinyl, phcnoxathiinyl,

phenoxazinyl, phthalazinyl, pipcrazinyl, piperidinyl, ptcridinyl, purinyl, pyranyl, pyrazinyl,

pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole, pyridoimidazole,

pyridothiazolc, pyridinyl, pyridyl, pyrimidinyl. pyrrolidinyl, pyrrolinyl, 2H-pyr'olyl, pyrrolyl,

quinazolinyl, quinolinyl. 4H-quinolizinyl. quinoxalinyl, quinuclidinyl. tetrahydrofuranyl,

tetrahydroisoquinolinyl, tctrahydroquinolinyl, 6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl,

1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4thiadiazolyl, ihianihrenyl, ihiazolyl, thienyl,

thicnothiazolyl, thicnooxazolyl. thicnoimidazolyl, thiophcnyl, triazinyl, 1,2,3-triazolyl,

1,2,4-triazolyl, 1,2.5-triazolyl, 1,3,4-triazolyl, oxctanyl, azctidinyl, or xanthcnyl; each of which is

optionally substituted.

In certain emhodimenis, each R- is indepenily F, Cl, Br, or I.

In certain cmhodimcnts. each R is indepcndcntly -OR, or —N(R)2

In certain cmhodimcnts. each R is indepcndcntly

F

NN+r
0

PNQ

NQ

0

OH

N+ pNQ

PNQ

0

PNQ

PNQ

0

''PNQ
0

OH OH

0

PN+F
0
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0 0 0 0

N F N F N F N F

0

''PN+F

0

"PN+F
'0

0~N+ F

0

(r (

N

0

( PNQ

0 0 0

N F N F "
N F

0
JJ F

OH 0

0 H
0

)=N N '"p
NH

F or

In certain embodiments, each Rs is independently -R, halogen, -OR, or —N(R)2.

In cert.ain embodiment.s. each R's independently H.

In certain cmbodimcnts, ring A is phenyl or pyridyl.

In certain cmbodimcnts, ring A is pyridyl.

In certain embodiments, ting A is
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(R')q q

R4 R4

(R')q

4
or R

In certain cmbodimcnts. ring A is

(R )q (Rs)
q

R (R)q
(R )

(R')q ot'4
In certain embodiments, ring A is

(R )q (R )

R4

In certain embodiments, R is -R, halogen, -OR, -NRC(O)R, -NRC(O)N(R)z, -NRSO2R, or—

N(R)2. In certain crnbodimcnts, R is -R or -OR.

In certain embodiments, R" is H.

In certain embodiments, R is —OR, wherein R is H, Ct 4 aliphatic, Cs m aryl, a 3-8 mcmbercd

saturated or partially unsaturated carbocyclic ting, a 3-7 mcrnbcrcd hetcrocylic ring having 1-4

hctcroatoms indcpcndcntly sclcctcd from nitrogen, oxygen, or sulfur, or a 5-6 mcrnbcrcd

monocyclic heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen, oxygen,

or sulfur; each of which is optionally substituted.

In certain cmbodimcnts, R is —H or —OCHe

In certain tunbodirncnts, each Rs is independently -R, -OR, -C(O)R, -CO2R, -C(O)N(R)z,

NRC(O)R, -NRC(O)N(R)2, -NRSO2R, or —N(R)2.
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In certain cmbodimcnts, each Rs is indcpcndcntly -R, -C(O)R, -CO&R, -C(O)N(R)tn -NRC(O)R,

or —N(R)2.

In certain embodiments, each Rs is independently C& 6 aliphatic, C3»& aryl, a 3-g membered

saturated or partially unsaturated carbocyclic &ing, a 3-7 mcmbcrcd hctcrocylic ring having 1-4

hctcroato&ns independently sclcctcd from nitrogen. oxygen, or sulfur, or a 5-6 &ncmbcrcd

monocyclic heteroaryl ring having 1-4 hctcroatoms independently selected from nitrogen, oxygen,

or sulfur; each ol which is optionally substituted; or R- is halogen, -OR, or —N(R)2.

In certain embodiments, each R's indcpcndcntly methyl, ethyl. propyl, i-propyl, butyl, s-butyl, t-

butyl, straight chain or branched pcntyl. or straight chain or branched hcxyl; each of which is

optionally substituted.

In ce&fain embodiments, each Rs is independently phenyl, naphthyl, cyclopropyl, cyclobuiyl,

cyclopcntyl, cyclohcxyl, cyclohepiyl, adamantyl. cyclooctyl, [3.3.0Jbicyclooctanyl,

[4.3.0Jbicyclononanyl, [4.4.0Jbicyclodecanyl. [2.2.2Jbicycloocianyl, tluorcnyl, indanyl,

tetrahydronaphthyl, acridinyl, azocinyl, benzimidazolyl, benzofuranyl, bcnzothiofuranyl,

benzothiophenyl, benzoxazolyl, benzihiazolyl, benziriazolyl, benzieirazolyl, benzisoxazolyl,

bcnrisothiarolyl, bcnzimidazolinyl. carbazolyl, NH-carbarolyl. carbolinyl, chromanyl,

chromcnyl, cinnolinyl, dccahydroquinolinyl, 28,6H-I,S,2-dithiazinyl, dihydrofuro [2,3-AJ

tctrahydrofuran, furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, 1H-indazolyl,

indolenyl, indolinyl, indolizinyl, indolyl, 3ll-indolyl, isoindolinyl, isoindolenyl, isobenzofuranyl,

isochromanyl, isoindazolyl, isoindolinyl, isoindolyl, isoquinolinyl, isoihiazolyl, isoxazolyl,

morpholinyl, naphthyridinyl. octahydroisoquinolinyl, oxadiazolyl, 1.2,3-oxadiazolyl,

1,2,4-oxadiazolyl; — 1,2,5oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl, oxazolyl, oxazolidinyl,

pyrimidinyl, phenanihridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl,

phenoxazinyl, phihalazinyl, pipcrazinyl, piperidinyl, picridinyl. purinyl, pyranyl, pyrazinyl,

pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazolc, pyridoimidazole,

pyridothiazolc, pyridinyl, py&idyl, py&imidinyl, py&rolidinyl, pyrrolinyl, 2H-py&rolyl, pyrrolyl,

quinazolinyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrahydrofuranyl,

ieirahydroisoquinolinyl, icirahydroquinolinyl, 68-1„2,5-&hiadiazinyl, 1,2,3-&hiadiazolyl,

1,2„4-thiadiazolyl, 1,2,5-&hiadiazolyl, 1,3,4thiadiazolyl, Ihianihrenyl, ihiazolyl, ihienyl,

thicnothiazolyl, thicnooxazolyl, thicnoimidazolyl, thiophcnyl, triazinyl, 1,2,3-triazolyl,
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1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl, oxctanyl, azctidinyl, or xanthcnyl; each of which is

optionally substituted.

In certain embodiments, each Rs is independently —R, -C(0)R, -C02R, -C(0)N(R)2, -NRC(0)R,

or —N(R)z.

In certain crnbodimcnts. each Rs is indepcndcntly

HN+N— ~ ~NH
NQ NQ N 0

~N—

0 0

G
H

0

0

PN N

-C 1- -C

~
A

~~o (
— ~ o ~,o
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ln certain embodiments, each ol'ing A, Ring Z, R, R', R, R", R, R', n, p, and q, is as dcfincd

above and described in embodiments, classes and subclasses above and herein, singly or in

combination.

ln certain cmbodimcnts. thc present invention provides a compound of formula II,

n(R')

(R )0

or a pharmaceuiically acceptable salt thcrcof, wherein each of ring A, R-, R'. R, R', n, p, and q,

is as defined above and described in embodiments, classes and subclasses above and herein, singly

or in combination.

In certain embodiments, the present invention provides a compound of 1'ormula III,

n(R2)

N
(R)

(R')q

N

R

or a pharmaceuiically acceptable salt thereof, wherein each of ring A, Rr, R., R", R', n, p, and q,

is as defined above and described in embodiments, classes and subclasses above and herein, singly

or in combination.

ln certain cmbodimcnts, the present invention provides a compound of formula IV,
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n(R )

n(Rs)

IV;

or a pharmaccutically acceptable salt thcrcof, wherein each of ring A, R-, R . R, R', n, p, and q,

is as dcfincd above and dcscribcd in embodiments, classes and subclasscs above and hcrcin. singly

or in combination.

In certain embodiments, the present invention provides a compound of 1'ormula V,

n(R'(Rs)

CN

(Rs)

V;

N

H

R4

or a pharmaccutically acccpiable salt Ihcreof, wherein each of ring Z, R-, R, R, R', n, p, and q,

is as defined above and desctibed in embodiments, classes and subclasses above and herein. singly

or in combination.

In certain embodiments, the present invention provides a compound of 1'ormula VI,

n(R')
CN

n(Rs)

VI;
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or a pharmaceutically acccptablc salt thereof, whcrcin each ol'ring Z, R-, R', R, R', n, p, and q,

is as defined above and described in embodiments, classes and subclasses above and herein, singly

or in combination.

ln certain cmbodimcnts. thc present invention provides a compound of formula VII.

n(R'(Rs)

CN

(Rs)

N

H

VII;

or a pharmaccutically acccptablc salt thereof, whcrcin each of ring Z, R-, R', R, R', n, p, and q,

is as dcfincd above and dcscribcd in embodiments, classes and subclasscs above and hcrcin. singly

or in combination.

In certain embodiments, the invention provides a compound selected from Table 1:

Table I

0,
N ~OH

N

24



WO 2019/079375 PCT/1/ 52018/056192



WO 2019/079375 PCT/1/ 52018/056192

N

10

12
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19 20

21 22
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G.
25 26

CF3 CHF2

N

N N
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OMe OMe

33

N
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G, 0
N

N

40

LL.

N
N
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43 44

N

N

45 46

F

N
N

47 48

32



WO 2019/079375 PCT/1/ 52018/056192

0

N

49 50

N

Q
OM

51 52

N

o
54
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~v'g

55 56

.G

OM

0

57

0

58

N N
H

5(g

OMe

60

OM
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0v~
O
OM

61 62

0v'~
0

64

66
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0

0

67 68

.XX.
70 72

0

.XX.
69 71
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0

N

XX.
74

0

7S

0

N

0v'~
76

77 78
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.G V'J
0v'~

80

N
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86 or

N

e

87

In some cmbodimcnts, thc prcscnt invention provides a compound selected from those dcpictcd

above, or a phatmaceutically acceptable salt thereof.

Various structural depicl.ions may show a hclcroatom wilhout an attached group, radical, charge,

or counterion. Those of ordinary skill in the arl. are aware that such depiction s arc meant to indicale

~O g ~OH
that the heteroatom is attached to hydrogen (e.g., ~ is understood to be

In cerl.ain embodiments. the compound» of Ihc invention werc synlhcsircd in accordance with lhe

schcmcs provided in thc Examples below.

4. Uses Formulation and Administration

Pharmaceutically Acceptable Compositions
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According to another embodiment, thc invention provides a composition comprising a compound

of this invention or a pharmaceutically acceptable derivative thereof and a pharmaceutically

acceptable camer, adjuvant, or vehicle. The amount ol'ompound in compositions of this

invention is such thai is efi'ective io measurably inhibit TBK and IKKe, or a mutant thereof, in a

biological sample or in a patient. In certain embodiments, thc amount of compound in

compositions of this invention is such that is cffcctive to measurably inhibit TBK and IKKe, or a

mutant thereof, in a biological sample or in a patient. In certain embodiments, a composition of

this invention is formulated for administration to a patient in need of such composition.

Thc term "patient'* or "subject'*, as used herein, means an animal, preferably a mammal, and most

pret'erably a human.

Thc term 'pharmaceutically acceptable carrier, adjuvant, or vchiclc" refers to a non-toxic carrier,

adjuvant. or vehicle that does not destroy thc pharmacological activity of thc compound with which

it is formulated. Pharmaccutically acceptable carriers, adjuvants or vehicles that are used in thc

compositions of this invention include, bui are noi limited to, ion exchangers, alumina, aluminum

stcarate, lecithin, serum proteins, such as human serum albumin. buffer substances such as

phosphatcs, glycine, sorbic acid, potassium sorbate, partial glyceride mixtures of saturated

vcgctablc fatty acids, water, salts or clcctrolytes, such as protaminc sulfate, disodium hydrogen

phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, magnesium

Irisilicaie, polyvinyl pynolidone, cellulose-based substances, polyethylene glycol. sodium

carboxymcthylcellulosc, polyacrylaies, waxes, polyethylcnc-polyoxypropylene-block polymers,

polyethylene glycol and wool fat.

A *'pharmaceutically acceptable derivative'* means any non-toxic salt, ester, salt of an ester or other

derivative of a compound of this invention that, upon administrai.ion to a recipient, is capable of

providing, either directly or indirectly, a compound of this invention or an inhibiiotily active

rnctabolitc or residue thereof.

Compositions of the present invention are administered orally, parenterally, by inhalation spray,

iopically, recially. nasally, buccally, vaginally or via an implanicd reservoir. The ierm "parcnicral"

as used herein includes subcutaneous, iniravcnous, intramuscular, intra-ariicular, inira-synovial,

intrastcrnal, intrathecal, intrahcpatic, intralcsional and intracranial injection or infusion tcchniqucs.

Preferably, the compositions are administered orally, intraperitoneally or intravenously. Sterile

injcciable forms of ihe compositions of this inveniion include aqueous or oleaginous suspension.
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Thcsc suspensions arc formulated according to techniques known in thc art using suitable

dispersing or wetting agents and suspending agents. The stctilc injectablc preparation may also

be a sterile injeciable solution or suspension in a non-toxic parenterally acceptable diluent or

solvent, for example as a solution in l,g-butancdiol, Among the acceptable vchiclcs and solvents

that are, cmploycd are, water, Ringer's solution and isotonic sodium chloride solution. In addition,

sterile, fixed oils are conventionally employed as a solvent or suspending medium.

For this purpose, any bland lixed oil employed includes synthetic mono- or di-glycerides. Fatty

acids, such as oleic acid and its glyccridc dcrivativcs are useful in thc preparation of injcctablcs,

as arc natural pharmaccutically-acceptable oils, such as olive oil or castor oil, especially in their

polyoxycthylatcd versions. These oil solutions or suspensions also contain a long-chain alcohol

diluent or dispersani, such as carboxymeihyl cellulose or similar dispersing agents that are

commonly used in ihc formulation of pharmaccutically acceptable dosage forms including

emulsions and suspensions. Other commonly used surfactants. such as Twcens, Spans and other

mnulsifying agents or bioavailability enhancers which are commonly used in the manufacture of

phatmaceutically acceptable solid, liquid, or other dosage fonrts are also be used for ihe putposes

of formulation.

Phannaccutically acceptable compositions of this invention arc orally administered in any orally

acccptablc dosage fomt. Exemplary oral dosage forms arc capsules, tablets, aqueous suspensions

or solutions. In the case of tablets for oral use, cartiers commonly used include lactose and corn

starch. Lubricating agcnis, such as magnesium stcaratc, are also iypically added. For oral

administration in a capsule form. useful dilucnis include laciosc and dried cornstarch. When

aqueous suspensions arc rcquircd for oral usc, thc active ingrcdicnt is combined with emulsifying

and suspending agents. If desired, cettain sweetening, flavoring or coloring agents are optionally

also added.

Alternatively, pharmaccuiically accepiable compositions of this inveniion are administered in ihe

form of suppositories for rectal administration. Thcsc can bc prcparcd by mixing thc agent with a

suitable non-irritating excipient that is solid at room temperature but liquid at rectal temperature

and therefore will mell. in Ihc rectum io release the drug. Such maicrials include cocoa butter,

beeswax and polyethylene glycols.

Pharmaccutically acccptablc compositions of this invention arc also administcrcd topically,

especially when the target of treatment includes areas or organs readily accessible by topical
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application, including discascs of the cye, thc skin, or thc lower intestinal tract. Suitable topical

formulations arc readily prepared for each of thcsc areas or organs.

Topical application I'or the lower intestinal tract can be ei'fected in a rectal suppository formulation

(scc abovci or in a suitable, cncma formulation. Topically-transde& mal patches arc also used.

For topical applications, provided phannaceutically acceptable compositions are formulated in a

suitable ointment containing thc active component suspended or dissolved in one or more carriers.

Exemplary carriers I'or topical administration of compounds oi'his aremineral oil, liquid

petrolatum, white petrolatum, propylcnc glycol, polyoxycthylcnc. polyoxypropylcnc compound,

emulsifying wax and water. Alto&7&ativcly. provided pharmaccuiically acceptable compositions

can be formulated in a suitable lotion or cream containing thc active components suspended or

dissolved in one or more pharmaceuiically acceptable can iers. Suitable ca&riers include, bui are

not limited to, mineral oil, sorbitan monostcaratc, polysorbatc 60, cetyl cstcrs wax. cctcaryl

alcohol, 2-octyldodccanol, benzyl alcohol and water.

Phar&naccutically acceptable compositions of this invention arc optionally administered by nasal

aerosol or inhalation. Such compositions are prepared according io techniques well-known in the

art of pha&xnaccutical formulation and arc prepared as solutions in saline, employing bcnzyl

alcohol or other suitable preserval ives, absorption promoters io cnhancc bioavailability,

fluorocarbons, and/or other conventional solubilizing or dispersing agents.

Most prel'erably, pha&7uaceutically acceptable compositions ol'his invention are fo&mulated for

oral administration. Such formulations may be administered with or without food. In some

embodiments, pharmaceutically acccpiablc compositions of this invent.ion are administered

without food. In other embodiments, phar&naccutically acccptablc compositions of this invention

are administered with food.

The amount of compounds of Ihe present invention thai. are opi.ionally combined with ihe carrier

mate&ial» to produce a composition in a single dosage form will vary depending upon Ihe host

trcatcd, thc particular &node of ad&ninistration. Prcfcrably, provided compositions should bc

formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of the compound can

be administered io a patient receiving these compositions.

li should also be understood that a specific dosage and trcatmeni. regimen for any particular patient

will depend upon a variety of factors, including thc activity of thc specific compound cmploycd,

the age, body weight, general health, sex, diet, time of administration, rate of excretion, drug
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combination, and thc judgment ol'he treating physician and thc scvcrity of the particular discase

being treated. The amount of a compound of the present invention in thc composition will also

depend upon the particular compound in the composition.

Uses o Com ouuds attdPharmaceuticall Acce table Com ositio&ts

Thc present invention furthermore rclatcs to a method for treating a subject suffering from a TBK

or IKKe related disorder, comprising administering to said subject an cffectivc amount of a

compound ol formula I or any formulae presented herein.

The present invention preferably relates to a method, wherein the TBK or IKKe associated

disorder is an autoimmune disorder or condition associated with an overactive immune response

or cancer. The present invention lurihermore relates to a method of treating a subject sulfering

from an immunorcgulatory abnomality. comprising administering to said subject a compound of

formula (I), and rclatcd formulae in an amount that is effective for treating said immunorcgulatory

abnormality.

The present invention preferably relates io a method wherein the immunoregulatory abnormality

is an autoimmune or chronic inflammator discase selected from ihc group consisting ot': allergic

diseases, amyotrophic lateral sclerosis (ALS), systemic lupus erythematosus, chronic rheumatoid

arthritis, type I diabctcs mcllitus, inflammatory bowel discase, biliary cirrhosis, uvcitis, multiple

sclerosis, Crohn's disease, ulcerative colitis, bullous pemphigoid, sarcoidosis, psoriasis,

autoimmune myositis, Wegcncr's granulomaiosis, ichthyosis, Graves ophthalmopathy and asthma.

Thc present invention furthermore relates to a method wherein ihc immunoregulatory abnormality

is bone marrow or organ transplant rejection or graft-versus-host disease.

The present invention furthet7nore relates to a method wherein the immunoregulatory abnotanality

is sclccicd from ihc group consisiing of: Iransplaniaiion of organs or iissue, graft-versus-host

diseases brought about by Iransplaniaiion, auioimmune syndromes including rheumatoid arthriiis,

systemic lupus crythcmatosus, Hashimoto's thyroiditis, multiple sclerosis, systemic sclerosis,

myasthenia gravis, type I diabetes, uveitis, posterior uveitis, allergic encephalomyelitis,

glomcrulonephriii», post-infeciious autoimmune diseases including rheumatic fever and post-

infeci ious glomeruloncphriiis, inflammatory and hyperproliferative skin diseases, psoflasis, aiopic

dcrrnatitis, contact dermatitis, cczcmatous dermatitis, scbotrhocic dermatitis, lichen planus,

pemphigus, bullous pemphigoid, epidermolysis bullosa, urticaria, angioedemas, vasculitis,

cryihcm r, cutaneous eosinophilia, lupus eryihemaiosus. acne, alopecia areata,
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kcratoconjunctivitis, vernal conjunctivitis, uvcitis associated with Behcct's discase, kcratitis,

herpetic kcratitis, conical cornea, dystrophia epithclialis corneac, corneal leukoma, ocular

pemphigus, Mooren's ulcer, scleriiis, Graves'pihalmopaihy, Vogt-Koyanagi-Harada syndrome,

sarcoidosis, pollen allcrgics, rcversiblc obstructive airway disease, bronchial asthma, allergic

asthma, intrinsic asthma, extrinsic asthma. dust asthma. chronic or inveterate asthma, late asthma

and airway hyper-responsiveness, bronchitis, gastric ulcers, vascular damage caused by ischemic

diseases and thrombosis, ischemic bowel diseases, intlammatory bowel diseases, necroiizing

cntcrocolitis, intestinal lesions associated with thermal burns. cocliac diseases, proctitis,

cosinophilic gastrocntcritis, mastocytosis, Crohn's discase, ulcerative colitis, migraine, rhinitis,

cczmna, interstitial nephtitis, Goodpasturc's syndrome, hmnolytic-uremic syndrome, diabetic

nephropathy, multiple myosiii», Guillain-Barre syndrome, Meniere's disease, polyneuritis,

multiple neuritis, mononcuritis, radiculopaihy, hyperthyroidism, Bascdow's discase. pure red cell

aplasia, aplasiic anemia. hypoplastic anemia, idiopathic ihrombocyiopcnic putI1ura. autoimmune

hcmolytic anemia, agranulocytosis, pernicious anemia, megaloblastic anemia, anerythroplasia,

osteoporosis, sarcoidosis, I'ibroid lung, idiopathic interstitial pneumonia, dermaiomyosiiis,

leukoderma vulgaris, ichthyosis vulgaris, photoallergic sensitivity, cutaneous T cell lymphoma,

chronic lymphocyi.ic leukemia, aricriosclcrosis. atherosclerosis, aori.itis syndrome, polyarteritis

nodosa, myocardosis, scleroderma, Wegencr's granulorna, Sjogrcn's syndrome, adiposis,

eosinophilic fascitis, lesions ol'ingiva, periodontium, alveolar bone, substantia ossea dentis,

glomcrulonephriiis, male patten1 alopecia or alopecia senilis by prcvcniing cpilation or providing

hair germination and/or promoi ing hair generation and hair growth. muscular dystrophy, pyodcrma

and Sczary's syndrome, Addison's discase, ischcmia-rcpcrfusion injury of organs which occurs

upon preservation, transplantation or ischemic disease, endotoxin-shock, pseudomembranous

coliiis, colitis caused by drug or radiation. ischemic acute renal insuflicicncy, chronic renal

insufficiency„ ioxinosis caused by lung-oxygen or drug», lung cancer, pulmonary emphysema,

cataracta, sidcrosis, retinitis pigrncntosa, scnilc macular dcgcncration, vitrcal scarring, corneal

alkali burn, dermatitis erythema multifonne, linear IgA ballous dermatitis and cement dermatitis,

gingiviii», periodoniiiis, sepsis, pancreaiiiis, diseases caused by environmental polluiion, aging,

carcinogenesis, metastasis ol carcinoma and hypobaropaihy, disease caused by histamine or

lcukotricnc-C4 release, Bchcct's discase, autoimmune hepatitis, primary biliary cirrhosis,

sclerosing cholangitis, partial liver resection, acute liver necrosis, necrosis caused by toxin, viral
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hepatitis, shock, or anoxia, B-virus hepatitis, non-A/non-B hepatitis, cirrhosis, alcoholic cirrhosis,

hepatic failure, fulminant hepatic failure, late-onset hepatic failure, "acute-on-chronic" liver

l'ailure, augmentation oi'hemotherapeutic elfect, cyiomegalovirus inl'ection, HCMV inl'ection,

AIDS, cancer, scnilc dcrncntia, parkison diseases,trauma, and chronic bacterial infection.

In certain embodiments, disorders associated with TBK or IKKc are selected from Rheumatoid

Arthritis, Psoriatic arthritis, Osteoarthritis, Systemic Lupus Erythcmatosus, Lupus nephritis,

Ankylosing Spondylitis, Osteoporosis, Systemic sclerosis, Multiple Sclerosis, Psoriasis, Type I

diabctcs, Type II diabetes, Inflammatory Bowel Discase (Cronh" s Discase and Ulccrativc Colitis),

Hyperimmunoglobulinemia D and periodic fever syndrome, Cryopyrin-associated periodic

syndromcs, Schnitzler's syndrome, Systemic juvenile idiopathic arthritis, Adult's onset Still's

disease, Gout, Pseudogoui, SAPHO syndrome, Castleman's disease, Sepsis, Stroke,

Athcrosclcrosis. Celiac disease, DIRA ( Deficiency of IL-I Receptor Antagonist). Alzhcimcr's

disease, Parkinson's disease, and Cancer.

In certain cmbodimcnts, disorders associated with TBK or IKKe arc selected from cancer, septic

shock, Primary open Angle Glaucoma (POAG), hypcrplasia, rheumatoid atthritis, psoriasis,

arthcrosclcrosis, rctinopathy, osteoarihritis, endomctriosis, chronic inflammation, and/or

ncurodcgcncrativc diseases such as Alzheirncrs disease.

In certain embodiments, the cancer is selected from carcinoma, lymphoma, blastoma (including

medulloblasioma and retinoblastoma), sarcoma (including liposarcoma and synovial cell

sarcoma), ncurocndocrinc tumors (including carcinoid tumors. gast rinoma, and islet cell cancer),

rnesothcliorna, schwannoma (including acoustic ncuroma), mcningioma, adcnocarcinoma,

melanoma, and leukemia or lymphoid malignancies. More particular examples of such cancers

include squamous cell cancer (e.g., epithelial squamous cell cancer), lung cancer including small-

cell lung cancer (SCLC), non-small cell lung cancer (NSCLC), adenocarcinoma of the lung and

squamous carcinoma of thc lung, cancer of the peritoneum, hcpatoccllular cancer, gasttic or

stomach cancer including gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,

ovarian cancer, liver cancer, bladder cancer, hcpaioma, breast cancer (including metastatic breast

cancer), colon cancer, rectal cancer, colorecial cancer, endomcirial or uterine carcinoma, salivary

gland carcinoma, kidney or renal cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic

carcinoma, anal carcinoma, penile carcinoma, testicular cancer, esophageal cancer, tumors of the

biliary tract, as well as head and neck cancer.
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In certain cmbodimcnts, the cancer is brain, lung, colon, cpidcrmoid, squamous cell, bladder,

gastric, pancreatic, breast, head, neck, renal, kidney, liver, ovarian, prostate, colorectal, uterine,

rectal, oesophageal, testicular, gynecological, thyroid cancer, melanoma, hematologic

malignancies such as acute myclogcnous lcukcmia. multiple myeloma. chronic myelogncous

lcukcmia, mycloid cell leukemia, glioma, Kaposi's sarcoma, or any other type of solid or liquid

tumors. In some embodiments, the cancer is metastatic cancer. In some embodiments, the cancer

is colorecial cancer. In some embodiments, ihe cancer is colon cancer.

In certain aspects, thc invention rclatcs to thc compounds of thc invention for thc usc for thc

treatment of a discase or disorder described herein.

In certain aspects, the invention relates to the usc of compounds of formula I, or any formulae

presented herein, for the preparation ol a medicament for the treatment or a disease or disorder

described hcrcin.

In various embodiments, compounds of formula (Ih and related formulae exhibit a IC50 for ihc

binding to TBK and/or IKK0 of less than about 5 pM, prcfcrably less than about I pM, preferably

less than about 100 nM, pret'erably less than about 10 nM.

Thc method of ihc invention can bc performed either in-vitro or in-vivo. The susceptibility of a

particular cell to trcatmcnt with thc compounds according to the invention can be particularly

dctcrtnined by in-vitro tests, whcthcr in thc course of rcscarch or clinical application. Typically, a

culture of the cell is combined with a compound according to the invention at various

concentrations for a period of time which is sufltcicni io allow the active agents to inhibit. TBK

and/or IKKa activity. usually bciwcen about one hour and one wcck. In-vitro treatment can be

carried out using cultivated cells from a biopsy sample or cell line.

Thc host or patient can belong io any mammalian species, for example a primate spccics,

pari icularly humans; rodents, including mice, rais and hamsicrs; rabbits; horses, cows. dogs. cats,

ctc. Animal models arc of interest for cxpcrimcntal investigations, providing a rnodcl for treatment

of human disease.

For identilicaiion of a signal transduction pathway and for detection of interactions between

various signal Iransduciion pathways, various scientists have developed suitable models or model

systcrns, for cxamplc cell culture models and rnodcls of transgcnic animals. For thc dctcrmination

of certain stages in the signal transduction cascade, interacting compounds can be utilized in order

to modulate the signal. The compounds according io ihc invention can also bc used as reagents for
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testing TBK and/or IKK0-dependent signal transduction pathways in animals and/or cell culture

models or in the clinical diseases mentioned in this application.

Moreover, the subsecluent teaching ol'he present specil'ication concerning the use ol the

compounds according to formula (I) and its derivatives for thc production of a medicament for thc

prophylactic or therapeutic treatment and/or monitoring is considered as valid and applicable

without restrictions to thc usc of thc compound for thc inhibition of TBK and/or IKKe activity if

expedient.

Thc invention also relates to thc usc of compounds according to formula (I) and/or physiologically

acceptable salts thereof for thc prophylactic or therapeutic treatment and/or monitoring of diseases

that are caused, mediated and/or propagated by TBK and/or IKK0 activity. Furthermore, the

invention rclatcs to ihc usc of compounds according io formula (I) and/or physiologically

acceptable salts thereof for the production of a medicament for the prophylactic or therapeutic

treatment and/or monitoring of diseases that arc caused, mediated and/or propagated by TBK

and/or IKKa activity. In certain embodiments, the invention provides thc use of a compound

according to formula I or physiologically acceptable salts thereof. for the production of a

medicament for the prophylactic or thcrapcutic ircatmcnt of a TBK and/or IKKe-mediated

disorder.

Compounds of formula (I) and/or a physiologically acceptable salt thereof can futthermore be

cmploycd as intcrmcdiate for thc preparation of further mcdicarncnt active ingredients. Thc

rnedicarnent is preferably prepared in a non-chemical manner, c.g. by combining the active

ingredient with at least one solid, fluid and/or semi-fiuid carrier or excipieni, and optionally in

conjunction with a single or more other active substances in an appropriate dosage form.

Thc compounds of formula (I) according to thc invention can bc administered before or following

an onset of discase once or several times acting as therapy. Thc aforcmcntioncd compounds and

medical products of the inventive use are ptuticularly used for the therapeutic treatment. A

Iherapeuiically relevant elfect relieves io some extent one or more symptoms of a disorder, or

returns to normality, either partially or completely, onc or morc physiological or biochcrnical

paramctcrs associated with or causative of a discase or pathological condition. Monitoting is

considered as a kind of treatment provided that the compounds are administered in distinct

intervals, c.g. in order io boost Ihc response and eradicate the pathogens and/or symptoms of ihe

discase complctcly. Either thc identical compound or diffcrcnt compounds can bc applied. Thc
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methods of thc invention can also bc used to reduce thc likelihood of dcvcloping a disorder or even

prevent thc initiation of disorde& s associated with TBK and/or IKKe activity in advance or to treat

the arising and continuing symptoms.

In the, meaning of thc invention, prophylactic treatment is advisable if the subject posscsscs any

preconditions for the aforementioned physiological or pathological conditions, such as a familial

disposition, a genetic defect, or a previously inca&7ed discase.

The invention furthermore relates io a medicament comprising ai least one compound according

to thc invention and/or pharmaccutically usable dcrivativcs, salts, solvatcs and stcrcoisomcrs

thereof, including mixtures thereof in all ratios. In certain embodiments, the invention relates to a

medicament comprising at least one compound according to the invention and/or physiologically

acceptable salts ihereol'.

A "mcdicamcnt" in thc meaning of thc invention is any agent in thc field of mcdicinc, which

comprises one or more compounds of formula (I) or preparations thereof (e.g. a pharmaceutical

composition or pharmaceutical formulation) and can be used in prophylaxis, therapy, follow-up or

aftercare of patients who suffer from diseases, which are associated with TBK and/or IKKa

activity, in such a way that a pathogenic modification of their overall condition or of thc condition

of particular regions of thc organism could establish at least temporarily.

In various embodiments, the active ingredient may be administered alone or in combination with

other Ireaimcnis. A synergistic effect may bc achicvcd by using morc Ihan onc compound in ihc

pharmaceuiical composition. i.c. the compound of formula (I) is combined with ai. Ieasi. anoiher

agent as active ingredient, which is either another compound of formula (I) or a compound of

dil'ferent structural scaf1'old. The active ingredients can be used either simultaneously or

sequcni.iall y.

Included herein arc methods of treatment in which ai. least one chemical entiiy provided herein is

administcrcd in combination with an anti-inflammatory agent. Anti-intlammatory agents include

but are not limited to NSAIDs, non-specific and COX-2 specific cyclooxygenase enzyme

inhibiiors, gold compounds, coriicosicroid», meihotrcxaic, tumor necrosis lac&or (TNF)

antagonists, immunosupprcssants and methoirexaie.

Exa&nplcs of NSAIDs include, but arc not limited to, ibuprofen, flurbiprofcn, naproxcn and

naproxen sodium, diclofenac, combinations of diclofenac sodium and misoprostol, sulindac,

oxaprozin. diflunisal, piroxicam, indomethacin, etodolac, fenoprofen calcium, ketoprolen, sodium
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nabumctone, suit'asalazinc, tolmctin sodium, and hydroxychloroquinc. Examples of NSAIDs also

include COX-2 specific inhibitors such as celecoxib, valdecoxib, lumiracoxib dnd/or etoricoxib.

In some embodiments, the anti-inflammaiory agent is a salicylate. Salicylaies include by are noi

limited to acetylsalicylic acid or aspi&in, sodium salicylatc, and choline and magnesium

salicylatcs.

The anti-inflammatory agent may also be a corticostcroid. For example, the corticosteroid may be

coriisone, dexameihasone, meihylprednisolone, prednisolone, prednisolone sodium phosphate, or

prcdnisonc.

In additional embodiments thc anti-inflammatory agent is a gold compound such as gold sodium

thiomalate or auranofin.

The inveniion also includes embodiments in which the anti-inflammaiory agent is a metabolic

inhibitor such as a dihydrofolatc rcduciasc inhibitor. such as methotrcxatc or a dihydroorotatc

dchydrogcnasc inhibitor. such as lcflunomide.

Other embodiments of the invention pertain to combinations in which at least onc anti-

inflammatory compound is an anti-monoclonal aniibody (such as eculizumab or pexelizumab), a

TNF antagonist. such as cntancrccpt, or infliximab, which is an anti-TNF alpha monoclonal

antibody.

Still other embodiments of the invention pertain to combinations in which at least one active agent

is an immunosuppressant compound such as an immunosuppressani compound chosen from

methotrcxaic, lcflunomidc, cyclosporinc, iacrolimus, azathioprine, and mycophenolaic mofciil.

Thc disclosed compounds of the formula I can bc adminisicrcd in combination with other known

therapeutic agents, including anticancer agents. As used herc, thc tcrrn "anticancer agent" rclatcs

to any agent which is administered to a patient with cancer for the purposes of treating the cancer.

The anti-cancer treatment delined above may bc applied as a monotherapy or may involve, in

addition io the herein disclosed compounds of formula I, conventional surgery or radiotherapy or

medicinal therapy. Such medicinal therapy, c.g. a chcmothcrapy or a targctcd therapy, may include

one or more, but preferably one, of the following anti-tumor agents:

Alk laiin a cnts: such as alirciamine, bendamustinc, busulfan, carmusiine, chlorambucil,

chlormeihine, cyclophosphamide, dacarbazine, iloslamide, improsulfan, iosilaie, lomustine,

mclphalan, mitobronitol, mitolactol, nimustinc, ranimustinc, tcrnozolornidc, thiotcpa, trcosulfan,
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mcchlorctaminc, carhoquonc; apaziquone, fotcmustinc, glut'osfamidc, palil'osfamide,

pipobroman, trofosfamide, uramustine, TH-302, VAL-083;

Platinum Com ounds: such as carhoplaiin, cisplatin, epiaplaiin, miriplaiine hydrate, oxaliplaiin,

lobaplatin, ncdaplatin, picoplatin. satraplatin; lobaplatin, ncdaplatin, picoplatin. satraplatin;

DNA alterin a cnts: such as amrubicin, bisantrcnc, decitabinc, mitoxantronc, procarbazinc,

trabcctedin, clofarabinc; amsacrinc, brostallicin, pixantrone, laromustine';

To oisomerase Inhibitors: such as etoposide, irinotecan, razoxane, sohuzoxane, ieniposide,

topotccan; amonafidc, bclotccan, clliptinium acctatc, vorcloxin;

Microtubulc modifiers: such as cabazitaxcl. docctaxcl. cribulin, ixabcpilonc, paclitaxcl,

vinblastinc, vincristine, vinorelbine, vindcsine, vinfluninc; fosbrctabulin, tesetaxel;

Aniimeiaboliies: such as asparaginases, azacitidine, calcium levol'olinate, capecitahine,

cladribinc, cytarabinc. cnocitabinc, floxuridine, fludarabinc, fluorouracil, gcmcitabinc.

mcrcaptopurinc, methotrcxatc, nclarahinc. pemcirexed. pralatrcxatc, azathioprinc, thioguaninc.

carmofur; doxifluridine, elacytarabinc, raltitrexed, sapacitabine, tcgafur-', trimetrexatc;

Anticancer antibiotics: such as hleomycin, daciinomycin, doxoruhicin, epitwhicin, idaruhicin,

levamisole, miltefosine, mitomycin C. romidepsin, strcptozocin, valrubicin, rinosiaiin, zotmhicin.

dtumurohicin, plicamycin; aclarubicin, pcplomycin, piratmhicin;

Hormones/Anta onists: such as abarclix, abiratcrone, bicalutarnide, buscrclin, calustcronc,

chlorotrianisene, degarelix, dexameihasone, estradiol, fluocortolone

fluoxymcsieronc, flutamidc, fulvesirani., goscrelin, hisirelin, lcuprorclin, megestrol, mitotanc.

nafarclin, nandrolone, nilutamidc, ocircoiide, prednisolonc. raloxifenc, tamoxifcn, Ihyrotropin

alfa, torcrnifcnc, trilostanc, triptorclin, dicthylstilbcstrol; acolbifcnc, danazol, dcslorclin,

epitiostanol, orteronel, enzalutamide";

Aromaiase inhibitors: such as aminoglutethimidc. anasirozole, exemesiane, fadrozole, lcirozole,

iestolactonc; formestane;

Small molcculc kinasc inhibitors: such as crizotinib, dasatinib, crlotinib, irnatinib, lapatinib,

nilotinih, pazopanib, regorafenib, ruxolitinih, sorafenib, sunitinib, vandetanib, vemurafenib,

hosuiinih, gefltinih, axiiinih; afaiinih, aliscrtih, dahrafcnih, dacomiiinih, dinaciclih, doviiinih,

cnzasiaurin, ninicdanih, lcnvaiinih, linifanih, linsitinih, masiiinih, midostaurin, moiesanih,

ncratinib, orantinib, pcrifosinc, ponatinib, radotinib, rigoscrtib, tipifarnib, tivantinib, tivozanib,
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tramctinib, pimascrtib, brivanib alaninatc, ccdiranib, apatinib, cabozantinib S-malatc",

ibnrtinib", icotinib, buparlisib', cipatinib', cobimetinib', idelalisib", fcdratinib', XL-647;

Phoiosensiiizers: such as meihoxsalen; porlimer sodium, ialaporfin, iemoporlin;

Antibodies: such as alcmtuzurnab, bcsilcsomab, brcntuximab vedotin, cctuximab. denosumab,

ipilimumab, ofaturnumab, panitumumab, rituximab, tositurnomab,

trastuzumab, bcvacizumab, pcrtuzumaba; catumaxomab, clotuzumab, epratuzumab,

1'arleiuzumah, mogamulizumah, neciiumumab, nimoiuzumah, ohinuiuzumab, ocaraiuzumab,

orcgovomab, ramucirumab, rilotumumab, siltuximab, tocilizumab. zalutumumab, zanolimumab,

matuzumab, daloiuzumab'-, onariuzumab'", racotumomab', iabalumab'", EMD-525797,

nivolumab';

C~lk 2: . I r Idsf kl, I.I'l'*-, I f. If2', ll I'. If22":
cclmolcukin, tasonermin, tecclcukin. oprclvckin". recombinant intcrfcron beta-la~;

Dru Con'u ates: such as denilcukin diftiiox, ibritumomab tiuxctan, iobenguane 1123.

prcdnimustine, trastuzumab emtansine, estramustine, gcmtuzumab, ozogamicin, afliberccpt;

ciniredekin hesudoiox, edoireoiide, inoiuzumah ozogamicin, naptumomab esiafenaiox,

oportuzumab monatox, technetium (99mTc) arcitumomab". vintafolidc",

Vaccines: such as sipuleuccl."; vitcspen.", cmepcpimut-S . oncoVAX", rindopepimui.-', troVax,

MGN-1703; and

Miscellaneous: alitretinoin, bexarotene, borfezomib, everolimus, ibandronic acid, imiquimod,

lenalidomidc, lcniinan, mciirosinc, mifamurtidc, pamidronic acid. pcgaspargase, pcniostatin.

sipulcucel . sizofiran, tamibaroienc, icmsirolimus, thalidomide, trci inoin, vismodegib, zolcdronic

acid, vorinostat; cclccoxib, cilcngitidc, cntinostat, ctanidazolc, ganctcspib, idronoxil, iniparib,

ixazomib, lonidamine, nimorazole, panobinostat, peretinoin, plitidepsin, pomalidomide,

procodazol, ridaforolimus, iasquinimod, teloiristat. ihymalfasin, tirapazamine, tosedostat.

Irahcdersen, uhenimex, valspodar. gcndicine, picihanil, rcolysin", retaspimycin

hydrochloride'', trcbananib-', virulizin, carfilzomib'', cndostatin, immucothcl, bclinostat',

MGN-1703 .

('rop. INN (Proposed International Nonproprietary Name); 2 Rec. INN (Recommended

Internaiional Nonproprieiary Names); USAN (United Siaics Adopted Name); no INN).

In another aspect, thc invention provides for a kit consisting of scparatc packs of an cffcctivc

amount of a compound according to thc invention and/or pharrnaccutically acccptablc salts,
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dcrivativcs, solvatcs and stcrcoisomcrs thereof, including mixtures thereof in all ratios, and

optionally, an effective amount of a further active ingredient. The kit comprises suitable

containers, such as boxes, individual bottles, bags or ampoules. The kil may, I'or example,

coinprise, separate ampoulcs. each containing an effective amount of a compound according to thc

invention and/or pharrnaccutically acceptable salts, derivatives, solvatcs and stcrcoisomcrs

thereof, including mixtures thereof in all ratios, and an effective amount of a further active

ingredient in dissolved or lyophilixed I'orm.

As used hcrcin, thc terms "trcatmcnt," "treat." and "treating" rcfcr to rcvcrsing. alleviating,

delaying the onset of, or inhibiting lhc progress of a discase or disorder. or one or morc symptoms

thereof, as described herein. In some embodiments, treatment is administered after onc or morc

symptoms have developed. In other embodiments, treatment is administered in the absence of

symptoms. For cxamplc, treatment is administered to a susceptible individual prior to lhc onset of

symptoms (c.g., in light of a history of symptoms and/or in light of genetic or other susceptibility

factors). Treatment is also continued after symptoms have resolved, for example to prevent or

delay their recurrence.

Thc compounds and compositions, according to the method of the present invention, arc

administered using any amount and any route of administration cffccl.ive for treating or lessening

the scvcrity of a disorder provided above. Thc exact amount rcquircd will vary from subject to

subject, depending on the species, age, and general condition of the subject, the severity of the

infccl.ion, lhc parlicular agent, il.s mode of administration, and the like. Compounds of the

invenl ion arc preferably formulalcd in dosage unit foun for ease of administration and uniformily

of dosage. Thc cxprcssion "dosage unit fomi" as used herein rcfcrs to a physically discrete unit of

agent appropriate I'or the patient to be treated. It will be understood, however, that the total daily

usage of lhe compounds and compositions of lhe present ii1vci111011 will be decided by lhe altendii1g

physician wilhin the scope of sound medical judgmcnl.. The specilic effeclivc dose level for any

particular patient or organism will dcpcnd upon a variety of factors including thc disorder being

treated and the severity of the disorder; the activity of the specific compound employed; the

specilic composition employed; lhe age, body weight, general health, scx and dicl of lhc patient;

lhe lime of administralion, route ol adminislration, and rate ol excretion ol lhe specilic compound

cmploycd; thc duration of thc treatment; drugs used in combination or coincidental with the

specific compound employed, and like factors well known in the medical arts.
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Pharmaceutically acceptable compositions of this invention can bc administered to humans and

other animals orally, rectally, parenterally, intracisternally, intravaginally, intraperitoneally,

topically (as by powders, ointments, or drops), bucally, as an oral or nasal spray, or the like,

depending on the, severity of thc infection being treated. In certain embodiments, thc compounds

of the invention arc adrninistcrcd orally or parenterally at dosage lcvcls of about 0.01 rng/kg to

about 100 mg/kg and preferably from about I mg/kg to about 50 mg/kg, of subject body weight

per day, one or more limes a day, to obtain the desired therapeutic el'I'ect.

In certain cmbodimcnts. a thcrapcutically cffcctivc amount of a compound of thc formula (I). and

related formulae and of thc other active ingrcdicnt depends on a number of factors, including, for

example, the agc and weight of the animal, thc precise discase condition which requires treatment,

and iis severiiy, ihe nature of the fotmulation and ihe method of administration, and is ultimately

dctcrmincd by thc treating doctor or vct. Howcvcr, an cffcciivc amount of a compound is generally

in thc range from 0.1 io 100 mg/kg of body weight of thc recipient (mammal) pcr day and

particularly typically in the range from I to 10 mg/kg of body weight per day. Thus, the actual

amount per day for an adult mammal weighing 70 kg is usually between 70 and 700 mg, where

this amount can be administered as an individual dose per day or usually in a series of part-doses

(such as, for example, two, three, four, five or six) pcr day, so that the total daily dose is ihc same.

An effcctivc amount of a salt or solvate or of a physiologically functional dcrivativc thcrcof can

be determined as the fraction of the ef1'ective amount ol'he compound per se.

In certain embodiments, the pharmaceutical fot7nu)ations can be administered in thc fot7n of

dosage unii.s, which comptise a predctcrmined amouni. of active ingrcdicni. pcr dosage unii.. Such

a unit can comprise, for example, 0.5 rng to I g, prcfcrably I mg to 700 mg, particularly preferably

S mg to 100 mg, ol' compound according to the invention, depending on the disease condition

ircated, the mcihod of administration and thc age, weight and condition of ihe patient. or

pharmaceuiical formulations can be administered in the form of dosage units which comprise a

prcdctcrmincd amount of active ingrcdicnt pcr dosage unit. Prcfctrcd dosage unit formulations arc

those which comprise a daily dose or part-dose, as indicated above, or a conesponding fraction

ihercof ol an active ingredient. Furthermore, pharmaceutical formulations ol ihis iypc can be

prepared using a process, which is generally known in the pharmaceui ical ari.

Liquid dosage forms for oral administration include, but arc not limited to, pharmaccutically

acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to
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thc active compounds, the liquid dosage forms optionally contain inert dilucnts commonly used in

the art such as, for example, water or other solvents, solubilizing agents and emulsificrs such as

ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,

propylcnc glycol, 1,3-butylcne glycol, dirncthylformarnidc., oils (in particular. cottonseed,

groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tctrahydrofurfuryl alcohol,

polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides inert diluents,

ihe oral compositions can also include adjuvanis such as wetting agents, emulsil'ying and

suspending agents, swcctcning, flavoring, and perfuming agents.

Injcctablc preparations, for example. sterile injcctablc aqueous or oleaginous suspensions arc

formulated according to the known art using suitable dispersing or wetting agents and suspending

agents. The sterile injectable preparation are also a sterile injeciable solution, suspension or

emulsion in a nontoxic parenterally acceptable diluent or solvent, for cxamplc, as a solution in 1,3-

butancdiol. Among thc acceptable vehicles and solvents that may bc employed arc water, Ringer's

solution, U.S.P. and isotonic sodium chloride solution. In addition, sterile, fixed oils arc

conventionally employed as a solvent or suspending medium. For this purpose any bland I'ixed oil

can bc cmploycd including synthetic mono- or diglycerides. In addition, fatty acids such as oleic

acid are used in the preparation of injcci.ablcs.

Injcctablc formulations can bc stcrilizcd, for cxamplc, by filtration through a bacterial-retaining

filter, or by incorporating sterilizing agents in the form of sterile solid compositions which can be

dissolved or dispersed in sierile water or other sterile injeciablc medium prior io use.

In order io prolong ihc cffcct of a compound of thc present invention, it is ofien desirable io slow

the absorption of the compound from subcutaneous or intramuscular injection. This is

accomplished by the use of a liquid suspension of crystalline or amorphous material with poor

water solubility. Thc rate of absorption of the compound then depends upon iis rale of dissolui ion

i hat, in iuni, may depend upon crysial size and crysialline form. Alternai ivcly, delayed absorption

of a parenterally adrninistcrcd compound form is accornplishcd by dissolving or suspending thc

compound in an oil vehicle. Injectable depot forms are made by fotming microencapsule matrices

of ihe compound in biodegradable polymers such as polylaciide-polyglycolide. Depending upon

ihe raiio ol compound io polymer and ihe nature ol ihe particular polymer employed, ihc rale of

compound rclcasc can bc controlled. Examples of other biodcgradablc polymers include
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poly(orthocstcrs) and poly(anhydridcs). Depot injcctablc formulations arc also prcparcd by

entrapping the compound in liposomes or microemulsions that arc compatible with body tissues.

Compositions for rectal or vaginal administration are prel'erably suppositories which can be

prepared by mixing thc compounds of this invention with suitable non-irritating cxcipicnts or

carriers such as cocoa butter, polyethylcnc glycol or a suppository wax which arc solid at ambient

temperature but liquid at body temperature and therefore melt in the rectum or vaginal cavity and

release ihe active compound.

Solid dosage forms for oral administration include capsules, tablets, pills. powders, and granules.

In such solid dosage forms, thc active compound is mixed with at least one inert. pharmaccutically

acceptable excipicnt or carrier such as sodium citratc or dicalcium phosphate and/or a) fillcrs or

extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic acid, b) binders such as,

for cxamplc, carboxymcthylccllulosc. alginatcs, gelatin, polyvinylpyrrolidinonc. sucrose, and

acacia. c) humcctants such as glycerol, d) disintegrating agents such as agar—agar, calcium

carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate, c) solution

retarding agents such as paral'1'in, f) absorption accelerators such as quaternary ammonium

compounds, g) wetting agents such as. for example, cetyl alcohol and glycerol monostearate, h)

absorbcnts such as kaolin and benioniic clay. and i) lubricants such as talc, calcium sicaratc,

magnesium stearatc, solid polycthylcnc glycols, sodium lauryl sulfate, and mixtures thereof. In thc

case ol'apsules, tablets and pills, the dosage form also optionally comprises buffering agents.

Solid compositions of a similar type arc also employed as fillcrs in soft and hard-filled gelaiin

capsules using such excipicnis as laciosc or milk sugar as well as high molecular weighi.

polycthylcnc glycols and thc like. Thc solid dosage forms of tablets, dragccs, capsules, pills, and

granules can be prepared with coatings and shells such as enteric coatings and other coatings well

known in Ihc pharmaceutical formulating ari.. They optionally contain opacifying agents and can

also be of a composii ion Ihat they rclcase the aciivc ingredieni(s) only, orprefcreniially, in a ccriain

part of thc intestinal tract, optionally, in a dclaycd manner. Examples of crnbcdding compositions

that can be used include polymeric substances and waxes. Solid compositions of a similar type are

also employed as fillers in soft and hard-filled gelatin capsules using such cxcipienis as laciose or

milk sugar as well as high molecular weighi polethylene glycols and ihe like.

Thc active compounds can also bc in micro-encapsulated form with onc or morc cxcipicnts as

noted above. The solid dosage forms of tablets, dragees, capsules, pills, and granules can be
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prepared with coatings and shells such as cntcric coatings, rclcasc controlling coatings and other

coatings well known in the pharmaceutical formulating art. In such solid dosage forms the active

compound may be admixed with ai least one inert diluent such as sucrose, lactose or starch. Such

dosage forms also comprise, as is normal practice, additional substances othe& than inert dilucnts,

e.g., tableting lubricants and other tablcting aids such a &nagncsiu&n stcaratc and microcrystallinc

cellulose. In thc case of capsules, tablets and pills, the dosage forms optionally also comprise

bulfering agents. They optionally contain opacil ying agents and can also be ol' composition thai

they rclcasc thc active ingredient(s) only, or prcfcrcntially, in a certain part of thc intestinal tract,

optionally. in a dclaycd manner. Examples of embedding compositions that can bc used include

polymeric substances and waxes.

Dosage i'orms fl&r topical or transdermal administration ol' compound oi'hi» invention include

ointments, pastes, creams, lotions, gcls, powders. solutions, sprays. inhalants or patches. Thc

active component is admixed under sterile conditions with a pharmaccutically acceptable carrier

and any needed prcservatives or buffers as required. Ophthalmic formulation, ear drops, and eyc

drops are also contemplated as heing within the scope of this invention. Additionally, the present

invention contemplates thc usc of transdc&7nal patches, which have the added advantage of

providing controlled delivery of a compound to the body. Such dosage fo&7»s can bc made by

dissolving or dispensing thc compound in the proper &ncdium. Absorption cnhancers can also bc

used to increase the flux of the compound across the skin. The rate can be controlled by either

providing a rale controlling mcmbranc or by dispersing the compound in a polymer ma& rix or gcl.

According to one embodiment, the invention relates to a method of inhibiting TBK and/or IKK0

activity in a biological sample comprising the step of contacting said biological sample with a

compound of this invention, or a composition comprising said compound.

According io anoihcr embodiment, thc inveniion relates io a method of inhibiting TBK and/or

IKKe, or a mui ant thereof, activity in a biological sample in a positive manner, comprising Ihc step

of contacting said biological sample with a compound of this invention, or a composition

comprising said compound.

The compounds ol ihe inveni ion are usei ul in-vitro as unique tools for understanding ihe biological

role ol TBK and/or IKKa, including the evaluaiion of ihe many laciors though&. &o influencc, and

bc influcnccd by, thc production of TBK and/or IKKa and the interaction of TBK and/or IKKa.

The present compounds are also useful in the development of other compounds that inicraci wiih
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TBK and/or IKK0 since the present compounds provide important structure-activity relationship

(SAR) information that facilitate that development. Compounds of the prcscnt invention that bind

to TBK and/or IKKc can bc used as reagents for dctccting TBK and/or IKKc in living cells, fixed

cells, in biological fluids, in tissue, homogcnatcs, in purified. natural biological materials, ctc. For

example, by labeling such compounds, onc can identify cells expressing TBK and/or IKKa. In

addition, based on their ability to bind TBK and/or IKKa, compounds of the present invention can

bc used in in-situ staining, FACS (fluorcsccnce-activated cell sorting), sodium dodecyl sulfate

polyacrylamidc gel clcctrophorcsis (SDS-PAGE), ELISA (enzyme-linked immunoadsorptive

assay), ctc., cnzymc purification, or in purifying cells expressing TBK and/or IKKa inside

pcrmcabilizcd cells.Thc compounds of the invention can also bc utilized as commercial research

reagents for various medical research and diagnostic uses. Such uses can include but arc not limited

to: usc as a calibration standard for quantifying the activities of candidate TBK and/or IKK0

inhibitors in a variety ol'unctional assays; use as blocking reagents in random compound

screening, i.e. in looking I'or new I'amilies ol'BK and/or IKK0 ligands, the compounds can be

used to block recovery of ihc presently claimed TBK and/or IKKe compounds; use in the co-

crystallization with TBK and/or IKKa enzyme, i.e. the compounds of thc prcscnt invention will

allow formation of crystals of thc compound bound to TBK and/or IKKe, enabling ihc

detetmination of enzyme/compound structure by x-ray crystallography; other research and

diagnostic applications, wherein TBK and/or IKKa is preferably activated or such activation is

conveniently calibrated against a known quantity of an TBK and/or IKKe inhibitor, ctc.; usc in

assays as probes for dctcrmining thc expression of TBK and/or IKK0 in cells; and dcvcloping

assays for detecting compounds which bind to the same site as the TBK and/or IKK0 binding

ligands.

The compounds of the invention can be applied either themselves and/or in combination with

physical measurements for diagnostics of treatment effectiveness. Phanuaceutical compositions

containing said compounds and the use of said compounds to treat TBK and/or IKKe-mediated

conditions is a promising, novel approach for a broad spectrum of therapies causing a direct and

immediate improvement in the state of health, whether in human or in animal. The orally

hioavailablc and active new chemical entities of the invention improve convenience for patients

and compliance for physicians.
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Thc compounds of formula (I), their salts, isomers, tautomers, cnantiomcric forms, diastcrcomcrs,

raccmates, derivatives, prodrugs and/or metabolites arc characterized by a high specificity and

stability, low manulaciuring costs and convenient handling. These leaiures i'orm the basis l'or a

reproducible action, whcrcin thc lack of cioss-reactivity is included, and for a rcliablc and safe

interaction with the target structure.

The term "biological sample", as used herein, includes, without limitation, cell cultures or extracts

ihereof; biopsied material obiained (rom a mammal or exiracts ihereol', and blood, saliva, urine,

feces, scmcn, tears, or other body fluids or extracts thcrcof.

Modulation of TBK and/or IKKE, or a mutant thereoi', activiiy in a biological sample is use('ul for

a variety of purposes that arc known to one of skill in the art. Examples of such putposes include,

but are noi limited io, blood iransfusion, organ iransplaniaiion, biological specimen siorage, and

biological assays.

EXEMPLIFICATION

General Conditions and Analytical Methods

As depicted in thc Examples below, in certain cxcmplary embodiments, compounds arc prepared

according to thc following general procedures. It will be appreciated that, although thc general

methods depict the synthesis ol'ertain compounds ol'he present invention, the following general

methods, and other methods known to one of ordinary skill in the art, can be applied io all

compounds and subclasses and species of each of Ihese compounds. as dcscribcd herein.

Thc symbols and conventions used in the following descriptions of proccsscs, schcmcs, and

examples are consistent with those used in the contemporary scientific literature, for example, the

Iournal of ihc American Chemical Society or the.lournal of Biological Chemistry.

Unless otherwise indicaicd. all tempcraiures arc expressed in C (degrccs Centigrade).

All reactions werc conducted at room tcmpcraturc unless otherwise noted. All compounds of thc

present invention were synthesiszed by processes developed by the inventors.

Compound numbers utilized in ihe Examples below correspond io compound numbers set lorih

5//// ru.

In gcncral, the compounds according to Formula (I) and rclatcd formulae of this invention can bc

prepared from readily available starting materials. If such starting materials are not commercially

available, Ihey may bc prepared by standard synthciic techniques. In general, the synihesis
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pathways for any individual compound of Formula (I) and rclatcd formulae will depend on thc

specific substitucnts of each molecule, such factors being appreciated by those of ordinary skilled

in ihe att. The 1'ollowing general methods and procedures described hereinal)er in the examples

may bc employed to prcparc compounds of Formula (I) and rclatcd formulae. Reaction conditions

dcpictcd in the following schemes, such as tcmpcraturcs, solvents, or co-reagents, are given as

examples only and are not restrictive. It will be appreciated that where typical or preferred

experimental conditions (i.e. reaction temperatures, time, moles ol reagents, solvents etc.) are

given, other cxpcrimcntal conditions can also bc used unless othcrwisc stated. Optimum reaction

conditions may vary with thc particular reactants or solvents used, but such conditions can bc

dctcrmined by the person skilled in the art, using routine optimisation procedures. For all the

protection and deproieciion methods, see Philip .1. Kocienski, in "Protecting Groups", Georg

Thicmc Vcrlag Stuttgart, Ncw York, 1994 and, Thcodora W. Grccnc and Pctcr G. M. Wuts in

"Protcctivc Groups in Organic Synthesis", Wiley Intcrsciencc, 3'dition 1999.

All solvents used werc commercially available and werc used without further purification.

Reactions were typically run using anhydrous solvents under an inert attnospherc of nitrogen.

Flash column chromatography was generally carried out using Silica gel 60 (0.03S-0.070 mm

particle size).

All NMR cxpcriments were recorded either on Brukcr Mercury Plus 400 NMR Spectrometer

equipped with a Bruker 400 BBFO probe at 400 MHz for proton NMR or on Bruker Mercury Plus

300 NMR Spcctromcicr equipped with a Bruker 300 BBFO probe ai. 300 MHz for proton NMR.

All deutcrated solvents contained typically 0.03% to 0.0S% v/v tetramethylsilanc. which was used

as I.he rcfercnce signal (sei. ai. 6 0.00 for boih 'H and ').
LC-MS analyses were performed on a SHIMADZU LC-MS machine consisting of an UFLC 20-

AD system and LCMS 2020 MS dctcctor. Thc column used was a Shim-pack XR-ODS, 2.2 pm,

3.0 x SO nun. A linear gradient was applied, starting at 9S % A (A: 0.05% TFA in water) and

ending at 100% B (B: 0.05% TFA in acetoniuile) over 2.2 min with a total run time ol 3.6 min. The

column iemperaiurc was at 40 'C with ihe flow rale at 1.0 mUmin. The Diode Array deiecior was

scanned from 200-400 nm. Thc mass spectrometer was cquippcd with an clcctro spray ion source

(ES) operated in a positive or negative mode. The mass spectrometer was scanned between //v'z

90-900 wiih a scan time oi 0.6 s.
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BPD is thc abbreviation for 4,4,S,5-tctramcthy1-2-(tctramcthy1-1,3,2-dioxaborolan-2-yl)-1,3,2-

dioxaborolanc.

Example 1: 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N,N-

dimethylpyridine-3-carboxamide

OMe Ci'C

Pdt(dha)s, Xantphos, Cstcos,
OMF, 110 'C, 5 h

Method 37a

0

N OMe

Method 37a

6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N,N-

dimethylpyridine-3-carboxamide: To a solution of 5-(6-aminopyrimidin-4-yl)-2-(oxan-4-

yloxy)bcnzonitrilc (91 mg, 0.31 mmol) in N,N-dirncthylformarnide (10 rnL) was added 6-chloro-

2-methoxy-N,N-dimethylpytidinc-3-carboxamidc (81 mg, 0.38 rnmol), Pdz(dba)3 (29 mg, 0.03

mmol), Xantphos (38 mg, 0.07 mmol) and CszCO3 (209 mg, 0.64 mmol) at room temperature.

Thc resulting mixture was stirred for S h at. 110 "C. When thc reaction was done, thc reaction

rnixturc was concentrated under reduced prcssure and the residue was purified by prep-HPLC

under the following conditions: column, XBridge Prep C18 OBD Column, 1SO x 19 mm, 5 um;

mobile phase, acetonitrile in water (with 0.05% NH1.H20), 30% to S5% gradient in 8 min;

dctcctor. UV 2S4 nm. 6-([6-[3-cyano-4-(oxan-4-yloxy)phcnylJpyrimidin-4-ylJamino)-2-

methoxy-N,N-dimcthylpyridinc-3-carboxamidc was obtained as yellow solid (24 mg, 17%).

HPLC: 97.8%o purity, RT = 1.38 min. MS: //Vz = 475.2 [M+HJ'. 'H NMR (300 MHz, Mcthanol-

dq) 8 8.71 (s, 1 H), 8.32-8.17 (m, 3 H), 7.6S-7.S6 (m, 1 H), 7.41-7.26 (m, 2 H), 4.92-4.84 (m, 1

H). 4.0S (s, 3 H). 4.02-3.92 (m, 2 H), '3.71-3.S7 (m, 2 H), 3.07 (s, 3 H), 2.94 (s, 3 H), 2.1S-2.03

(m, 2 H), 1.90-1.72 (m, 2 H).

Example 2: 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-N-(2-

hydroxyethyl)-2-methoxy-N-methylpyridine-3-carboxamide:
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0 
N ~OH

DQ
N

DIEA, NATU,
DMF rt zh

Method A

0
~OH

N OMe

Method A

6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-N-(2-hydroxyethyl)-2-

methoxy-N-methylpyridine-3-carboxamide: To a solution of 6-([6-[3-cyano-4-(oxan-4-

yloxy)phenylJpyrimidin-4-ylJamino)-2-methoxypyridine-3-carboxylic acid (88 mg, 0.20 mmol)

in N,N-dimethylfotmamide (10 mL) were added 2-(methylamino)ethan-1-ol (29 mg, 0.38

mmol), HATU (161 mg, 0.40 mmol) and DIEA (261 mg, 2.02 mmol) at room tcmpcraturc. Thc

resulting mixture was stirred for 2 h at room tmnperature. When thc reaction was done, it was

quenched by thc addition of water (20 mL). The resulting mixture was extracted with ethyl

acetate (3S mL x 3). The organic phases were combined, washed with brine and dried over

Na2SOA. The solvent was removed under reduced prcssure and the residue was purified by prep-

HPLC under thc following conditions: colutnn, XBridge BEH C18 OBD Column, 150 x 19 mtn,

S um, mobile phase, acctonitrile in water (with 10 tnmol/L NH&HCOs and 0.1'/o NHT.H20), 34'/o

to 40% gradient in 10 min; detector, UV 254 nm. 6-([6-[3-cyano-4-(oxan-4-

yloxy)phcnylJpyrimidin-4-ylJamino)-N-(2-hydroxyethyl)-2-methoxy-N-mcthylpyridine-3-

carboxamidc was obtained as white solid (14 tng, 14'/o). HPLC: 97.4'/o putity, RT = 7.94 tnin.

MS: /tt/2 = 505.2 [M+HJ+. 'H NMR (400 MHz, DMSO-dr,) 6 10.37 (s, 1 H), 8.81 (s, 1 H), 8.45-

8.36 (m, 2 H), 8.35-8.27 (m, 1 H), 7.67-7.S2 (m, 2 H), 7.28-7.19 (m, 1 H), 4.99-4.88 (m, 1 H),

4.78-4.64 (m, 1 H), 4.02 (s, 1.5 H) 4.01 (s, 1. S H), 3.93-'3.83 (m, 2 H). 3.64-3.38 (m, S H), 3.2S-

3.20 (m, 1 H), 2.99 (s, 1.5 H), 2.89 (s, 1.S H), 2.10-2.00 (m, 2 H), 1.76-1.63 (m, 2 H).

Example 3: 5-(6-[[6-methoxy-5-([6-oxa-3-azabicyclo[3.1.1]heptan-3-yl]carbonyl)pyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile
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+0
CN

0

CI N CI

QO
CN

NaOMe

DCM rt 66

Method 23

HN 0

0

OQ

NHt

Pd(OAc)a BINAP, Catcoa
droxahe. 100 'C. 6 5 h

Method 26

QO
CN

0

N N 0
H

DOH Hto

THF 50 oc 16 h

Method T

0ll-
N N 0
H

HATU, DIEA,
DMF rt 2h

Method A

Method 23

5-(6-[[6-methoxy-5-([6-oxa-3-azabicycl0[3.1.1]heptan-3-yl]carbonyl)pyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile: To a solution of methyl 2,6-

dichloropyridinc-3-carboxylate (10.4 g, 50.35 mmol) in dichloromcthanc (110 mL) was added

NaOMe (4.05 g, 74.97 mmol) at room temperature. The resulting mixture was stirred for 6 h at

room temperature. When the reaction was done, the reaction mixture pH was adjusted to 6-7 by

HCl (3 M). The resulting solution was extracted with dichloromelhane (200 mL x 3). Thc

organic phases werc combined, washed with brine and dried over Na2SO&. The solution was

concentrated under reduced pressure to yield methyl 6-chloro-2-methoxypyridine-3-carboxylate

as a white solid (9.47 g, 93%). MS: /tu'z = 202.1 [M+H]'.

Method 28

Methyl 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridine-

3-carboxylate: To a solution of 5-(6-atninopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile (I.SS g,

6.36 mmol) in 1,4-dioxane (80 mL) werc added tncthyl 6-chloro-2-mcthoxypytidine-3-

carboxylate (1.07 g, 5.29 mmol), Pd(OAc)2 (248 mg, 1.11 mmol), BINAP (2.07 g, 3.32 mmol)

and CBTCOT (2.97 g, 9.12 mmol) at room temperature. The resulting mixture was slirred for 6.5

h at 100 'C. When thc reaction was done, thc reaction mixture was conccntratcd under rcduccd
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prcssure and thc residue was purified by flash chromatography cluting with McOH in EtOAc

(0% to 25% gradient) to yield methyl 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

yl]amino)-2-meihoxypyridine-3-carboxylate as brown solid (4.SO g, crude). MS: uk/z = 462.1

[M+HJ'.

Method T

6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridine-3-

carboxylic acid: To a solution of methyl 6-([6-[3-cyano-4-(oxan-4-yloxy)phcnylJpyrimidin-4-

yl]amino)-2-meihoxypyridine-3-carboxylate (4.5 g, crude) in ieirahydrol'uran (100 mL) was

added a solution ol'iOH in H20 (0.92 M, 100 mL, 92 mmol) ai room temperature. The resulting

mixture was stirred for 16 h at 50 'C. When ihc reaction was done, thc pH value of thc mixture

was adjusted to 9 with HCl (1 M) and the resulting mixture was extracted with diethyl ether (100

mL x 3). The aqueous phase was adjusted to pH 3 with HC1 solution (1 M) and precipitation

happened. The solids were collected by 1'iltraiion and washed with H20 (20 mL x 2). The solids

werc dried under rcduccd pressure io yield 6-(l6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

ylJamino)-2-rnethoxypyridinc-3-carboxylic acid as yellow solid (1.14 g, 80% for 2 steps). MS:

//t/z = 448.1 [M+H]+.

5-(6-[[6-methoxy-5-([6-oxa-3-azabicycl0 [3. L 1] heptan-3-yl]carbonyl)pyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile: 5-(6-[[6-methoxy-5-([6-oxa-3-

azabicyclo[3.1.1]heptan-3-yl]carbonyl)pyridin-2-yl]amino]pytimidin-4-yl)-2-(oxan-4-

yloxy)bcnzonitrilc was prepared from 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

ylJamino)-2-mcihoxypyridinc-3-carboxylic acid and 6-oxa-3-aza-bicyclo[3.1.1]hcptanc using

Method A. Thc final product was purified by prep-HPLC under the following conditions:

column, XBridge Shield RP18 OBD Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in

water (with 10 mmol/L NHkHCOs and 0.1% NHs.H20), 33% to 3S% gradient in 10 min;

detecior. UV 2S4 nm. 5-(6-[[6-methoxy-5-([6-oxa-3-axabicyclo[3.1.1]hcpian-3-

ylJcarbonyl)pyridin-2-ylJaminoJpyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc was obtained as

white solid (11 mg, S.1%). HPLC: 98.2% purity, RT = 5.03 min. MS: //v'z = 529.2 [M+H]'. 'H

NMR (400 MHz, DMSO-Ck) 8 10.41 (s, 1 H), 8.82 (s, 1 H), 8.46-8.36 (m, 2 H), 8.35-8.28 (m, 1

H), 7.7S-7.68 (m, 1 H). 7.S9-7.52 (m, 1 H), 7.30-7.23 (m, 1 H), 4.99-4.88 (m, 1 H). 4.6S (br s, 1
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H), 4. SO (br s, 1 H), 4.04 (s, 3 H), 3.94-3.84 (m, 3 H), 3.66-3.52 (m, 4 H), 3.43-3.3 S (m, 1 H),

3.1S-3.05 (m, 1 H), 2.10-2.01 (m, 2 H), 1.82 (d, y = 8.9 Hz, 1 H), 1.77-1.63 (m, 2 H).

Example 4: 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N-[3-

oxabicyclo[3.1.0]hexan-6-yl]pyridine-3-carboxamide:

+o

OH

N N 0
H

DIEA HATU,
DMF, rt,zh

Method A

The title compound was prepared 1'rom 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

yl]amino)-2-methoxypyridine-3-carboxylic acid and 3-oxabicyclo[3.1.0]hexan-6-amine using

Method A. Thc final product was purified by prep-HPLC under thc following conditions:

column, XBtddgc Prep C18 OBD Column, 150 x 19 mm, 5 um, mobile phase, acetonitrile in

water (with 10 mmol/L NHAHCO; and 0.1 % NHT.H20), 33 % to 40 % gradient in 10 min;

detector, UV 254 nm. 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-

methoxy-N-[3-oxabicyclo[3.1.0Jhexan-6-ylJpyridinc-3-carboxamidc was obtained as light

yellow solid (33 mg, 32 %). HPLC: 98.8 % purity, RT = 5.0S min. MS: nt/z = 529.2 [M+HJ'. 'H

NMR (400 MHz, DMSO-ds) 6 10.52 (s, 1 H), 8.82 (s, 1 H), 8.4S (s, 1 H), 8.39-8.27 (m, 2 H),

8.17-8.10 (m, 1 H), 8.02-7.96 (m, 1 H), 7.S7-7.50 (m, 1 H), 7.23 (d, J = 8.3 Hz, 1 H), 4.98-4.87

(m, 1 H), 4.10 (s, 3 H), 3.93-3.83 (m, 4 H), 3.68-3.61 (m, 2 H). 3.61-3.50 (m, 2 H), 2.61-2.S4 (m,

1 H), 2.10-2.00 (m, 2 H), 1.95-1.89 (rn, 2 H), 1.76-1.62 (m, 2 H).

Example 5: 5-(6-((5-(8-oxa-3-azabicyclo[3.2.1]octane-3-carbonyl)-6-methoxypyridin-2-

yl)amino)pyrimidin-4-yl)-2-((tetrahydro-2H-pyran-4-yl)oxy)benzonitrile
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G.

N N 0
H

OH

DIEA, HATU,
DMF, d,20
Method A

Thc title compound was prcparcd from 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrirnidin-4-

ylJamino)-2-mcthoxypyridinc-3-carboxylic acid and 8-oxa-3-azabicyclo[3.2.1Joctane using

Method A. The final product was purii'ied by prep-HPLC under ihe following conditions:

column, XBridgc Prep C18 OBD Column. 150 x 19 mm, S um; mobile phase, acetonitrile in

water (with 10 mmol/L NHAHCOs and 0.1 % NH;.H20), 32 % to 39 % gradient in 10 min;

dctcctor, UV 254 nm. 5-(6-((5-(8-oxa-3-azabicyclo[3.2.1Joctane-3-carbonyl)-6-methoxypyridin-

2-yl)amino)pyrimidin-4-yl)-2-((tetrahydro-2H-pyran-4-yl)oxy)benzoniirile was obtained as light

yellow solid (31 mg, 29 %). HPLC: 98.1 % purity. RT = 4.71 min. MS: rn/2 = 543.2 [M+HJ'. 'H

NMR (400 MHz, DMSO-ds) 8 10.41 (s, 1 H), 8.82 (s, 1 H), 8.45-8.36 (m, 2 H), 8.35-8.27 (m, 1

H), 7.67 (br s, 1 H), 7.59-7.S2 (m, 1 H), 7.29-7.21 (rn, 1 H), 4.99-4.88 (m, 1 H), 4.39 (br s, 1 H),

4.21 (br s, 1 H), 4.14 (br s, 1 H), 4.03 (s, 3 H), 3.94-3.84 (m, 2 H), 3.62-3.S1 (m, 2 H), 3.33-3.17

(m, 1 H), 3.13-3.0S (m, 1 H), 3.00-2.92 (m, 1 H). 2.11-2.00 (m, 2 H), 1.83-1.63 (m, 6 H).

Example 6: 5-(6-[[5-([hexahydro-1H-faro[3,4-c]pyrro1-5-yl]carbonyl)-6-methoxypyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile

.Ci'

N 0
H

HN~O
DIEA, HATU,
DMF, K 2 h

Method A

G.

Thc title compound was prepared from 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

yl]amino)-2-methoxypyridine-3-carboxylic acid and hexahydro-lH-furo[3,4-c]pyrrole using

Method A. The final product was purified by prep-HPLC under ihe following conditions:

column, XBridgc Shield RP18 OBD Column, 1SO x 19 mm, 5 um; mobile phase, acetonitrile in
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water (with 10 mmol/L NHTHCOT and 0.1 '/o NHT.H20), 28 '/o to 40 '/o gradient in 10 min;

detector, UV 254 nm. 5-(6-[[5-([hexahydro-lH-furo[3,4-c]pytrol-5-yl]carbonyl)-6-

methoxypyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile was obtained as ofl-

white, solid (28 mg. 26 %). HPLC: 98.2 % purity, RT = 3.59 min. MS: m/z = 543.3 [M+H]'. 'H

NMR (400 MHz, DMSO-t/d) 8 10.41 (s, 1 H), 8.85-8.79 (rn, 1 H), 8.44 (s, 1 H), 8.4-8.37 (rn, 1

H), 8.3S-8.27 (m, 1 H), 7.71-7.64 (m, 1 H), 7.S9-7.52 (m, 1 H), 7.23 (d, J = 8.1 Hz, 1 H), 4.99-

4.88 (m, 1 H), 4.04 (s, 3 H), 3.94-3.63 (m, 5 H), 3.63-3.39 (m, 6 H), 3.32 (s, 3 H), 3.18-3.09 (m,

1 H), 3.01-2.82 (m, 2 H), 2.10-2.01 (m, 2 H), 1.77-1.63 (m. 2 H).

Example 7: 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N-(1-

methylpiperidin-4-yl)pyridine-3-carboxamide hydrochloride

DQ
N

N OMe

HeN+N—

DIEA, HATU,
DMF, d, 2 h

Method A

DQ

0 QN

Thc title compound was prepared from 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

yl]amino)-2-methoxypyridine-3-carboxylic acid and 1-methylpiperidin-4-amine using Method

A. The final product was puril'ied by prep-HPLC under the following conditions: column,

XBridgc BEH C18 OBD Column, 1 SO x 19 mm, 5 um; mobile phase, acetonitrile in water (with

0.05 % HCl), 33 % to 40 % gradient in 10 min; dctcctor, UV 254 nm. 6-([6-[3-cyano-4-(oxan-4-

yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N-(1-methylpiperidin-4-yl)pyridine-3-

carboxamide hydrochlotide was obtained as yellow solid (17 mg, 16 %). HPLC: 93.7 % purity,

RT = 6.66 min. MS: m/z = S44.1 [M+H]'. 'H NMR (300 MHz, Methanol-dq) 8 8.99 (s, 1 H), 8.SO

(s, 1 H), 8.39-8.12 (rn, 3 H), 7.62-7.53 (m, 1 H), 7.36 (d, J = 8.2 Hz, 1 H), 5.02-4.96 (m, 1 H),

4.34-4.11 (m, 4 H), 4.07-3.93 (m, 2 H), 3.75-3.SS (m, 4 H), 3.30-3.11 (m, 2 H), 2.90 (s, 3 H),

2.37-1.76 (m, 8 H).

Example 8: 6-([6-[6-cyano-5-(oxan-4-yloxy)pyridin-2-yl]pyrimidin-4-yl]amino)-2-methoxy-

N,N-dimethylpyridine-3-carboxamide
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—Sn Sn—

Br

Pd(PPhz)e dioxane,
90 OC, 1 h

Method 12b
— Sn—

Pd(PPhz)e dioxane,
130 nc, 2 h

Method 12a

0

N

CI N OMe

Pd(OAc)z, BINAP, Cazcoz,
dioxane, 100 'C, 3 h

Method 28

Method 12b

3-(oxan-4-yloxy)-6-(trimethylstannyl)pyridine-2-carbonitrile: To a solution of 6-bromo-3-

(oxan-4-yloxy)pyridine-2-carbonitrile (493 mg, 1.74 mmol) in dioxane (10 mL) was added

Pd(PPhs)a (64 mg, 0.06 mmol), hexamethyldistannane (1.10 g, 3.35 mmol) ai room temperature.

Thc resulting mixture was si.irred for 1 h ai. 90 'C. When the reaction was done, thc solvent was

concentrated under rcduccd prcssure and the rcsiduc was purified by flash chrotnatography

eluting with EtOAc in hexane (0% to 30% gradient) to yield 3-(oxan-4-yloxy)-6-

(trimethylstannyl)pyridine-2-carbonitrile as a brown solid (198 mg, 31~/o). MS: rn/2 = 368.9

[M+H]'.

Method 12a

6-(6-aminopyrimidin-4-yl)-3-(oxan-4-yloxy)pyridine-2-carbonitrile: To a solution of 3-(oxan-

4-yloxy)-6-(tritncthylstannyl)pyridinc-2-carbonitrile (260 mg, 0.71 mmol) in dioxanc (7 mL)

were added 6-chloropyrimidin-4-amine (90 mg, 0.70 mmol) and Pd(PPhs)q (77 mg, 0.07 mmol)

ai temperature. The resulting mixture was siined for 3 h ai 130 'C. When the reaction was done,

thc reaction mixture was conccntratcd under rcduccd pressure and thc residue was purified by

flash chrotnatography cluting with McOH in EtOAc (0'/o to 100'/o gradient) to yield 6-(6-

aminopyrimidin-4-yl)-3-(oxan-4-yloxy)pyridine-2-carbonitrile as off-white solid (166 mg, 79P/c).

MS: nr/2 = 298.0 [M+Hj'.
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6-([6-[6-cyano-5-(oxan-4-yloxy)pyridin-2-yl]pyrimidin-4-yl]amino)-2-methoxy-N,N-

dimethylpyridine-3-carboxamide: 6-([6-[6-cyano-5-(oxan-4-yloxy)pyridin-2-yl]pyrimidin-4-

yl]amino)-2-methoxy-N,N-dimeihylpyridine-3-carboxamide was prepared 1'rom 6-(6-

aminopyrimidin-4-yl)-3-(oxan-4-yloxy)pyridinc.-2-carbonitrile and 6-chloro-2-)ncthoxy-N.N-

dimethylnicotinarnidc using Method 28. The final product was purified by prep-HPLC under thc

following conditions: column, XBridge Prep C18 OBD Column, 150 x 19 mm, 5 um, mobile

phase, aceioniirile in water (with 10 mmol/L NH&HCO3 and 0.1% NH3.H20), 30% io 4S%

gradient in 7 min; dctcctor, UV 254 nm. 6-([6-[6-cyano-5-(oxan-4-yloxy)pyridin-2-ylJpyrimidin-

4-ylJamino)-2-methoxy-N,N-dimcthylpyridinc-3-carboxamidc was obtained as white solid (54

mg, 29~/o). HPLC: 98.4% putity, RT = 2.43 min. MS: 10/z = 476.3 [M+HJ+. 'H NMR (400 MHz,

DMSOidk) 8 10.S6 (s, 1 H), 9.21 (s, 1 H), 8.82 (s, 1 H), 8.62-8.S3 (m, 1 H), 8.11-8.03 (m, 1 H),

7.67-7.60 (m, 1 H), 7.09-7.02 (m, 1 H), S.02-4.92 (m. 1 H). 4.14 (s, 3 H). 3.93-3.83 (m, 2 H),

3.61-3.50 (m, 2 H), 2.98 (s, 3 H), 2.85 (s, 3 H), 2.11-1.99 (m, 2 H), 1.77-1.64 (m. 2 H).

Example 9: 6-([6-[5-cyano-6-(oxan-4-yloxy)pyridin-3-yl]pyrimidin-4-yl]amino)-2-methoxy-

N,N-dimethylpyridine-3-carboxamide hydrochloride

.Ci
t,1„

0  o

B
0 0

Pd(PCy,),CI, Na,CO,
dioxane, Hto, 110 'C, 3 h

Method Rt

Pd(OAc)a BINAP, Caacoa
dioxane 110 'C 2 h N N

HCI
Method 28

The title compound was prepared from 2-(ieirahydro-2H-pyran-4-yloxy)-5-(4,4,S,S-tetramethyl-

1,3,2-dioxaborolan-2-yl)nicoiinonitrile, 6-chloropyrimidin-4-amine, and 6-chloro-2-methoxy-

N,N-dimcihylnicoiinamide using Method Rl and 28. The final product. was purified by prep-

HPLC under thc following conditions: column, XBridgc Prep C18 OBD Column, 150 x 19 rnrn,

S um; mobile phase, acetonitrile in water (with O.OS % HCl), 29 %o to 38 %o gradient in 12 min;

detector, UV 254 nm. 6-([6-[S-cyano-6-(oxan-4-yloxy)pyridin-3-yl]pyrimidin-4-yl]amino)-2-

methoxy-N,N-dimethylpyridine-3-carboxamide hydrochloride was obtained as yellow solid (20

mg, 4.6 % for 2 steps). HPLC: 97.7 % putity, RT = 1.89 min. MS: /0/2 = 476.3 [M+HJ'. 'H NMR

(400 MHz, DMSO-dd) 8 10.62 (s, 1 H), 9.10-9.05 (m, 1 H), 8.87 (s, 1 H), 8.85-8.81 (m, 1 H),
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8.44 (s, 1 H), 7.69-7.62 (m, 1 H), 7.27-7.18 (m, 1 H), 5.51-5.40 (m, 1 H), 4.00 (s, 3 H), 3.93-3.83

(m, 2 H), 3.63-3.52 (m, 2 H), 2.98 (s, 3 H), 2. 84 (s, 3 H), 2.13-2.01 (m, 2 H), l. 81-1.68 (m, 2 H).

Example 10: 5-(6-[[5-(1,1-dioxo-lk,4-thiomorpholin-4-yl)-6-methoxypyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile

Br

CI N O Me

~ oo
NH S,',~ 'o

Pdt(dba)s XantPhos, t-

BuONa, Tol, 60 C,16 h

Method N2

XX'
I

N O Me

Pdt(dba)s, Xantphos,

CS,COs dinnane,110 *C, 3 h

Method 3ra

XX)'
N 0

H

Method N2

5-(6-]'[5-(l,l-dioxo-1lambda6,4-thiomorpholin-4-yl)-6-methoxypyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile: To a solution ol'-bromo-6-chloro-2-

methoxypyridinc (950 mg, 4.27 mmol) in toluene (80 mL) was added thiomorpholine 1,1-

dioxide (579 mg, 4.28 mmol), Pd2(dba)3 (94 mg, 0.10 mmol), t-BuONa (1263 mg, 13.2 mmol)

and XantPhos (208 mg, 0.36 mmol). Thc resulting mixture was stirred for 16 h at 80 'C. When

the reaction was done, the reaction mixture was concentrated under reduced pressure and the

residue was purified by flash chromatography cluting wi(h EtOAC in hcxanc (0%o (o 100%o

gradient) (o yield 4-(6-chloro-2-methoxypyridin-3-yl)-1 lambda6,4-thiomorpholine- 1, 1-dionc as

yellow solid (896 mg, 760/o). MS: m/2 = 276.9 [M+H]'.

5-(6-[[5-(1,1-dioxo-l lambda6,4-thiomorpholin-4-yl)-6-methoxypyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile: 5-(6-[[S-(1, l-dioxo-llarnbda6,4-

thiorno)33holin-4-yl)-6-mcthoxypyridin-2-yl]amino]pyrirnidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc

was prepared from S-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonittile and 4-(6-chloro-2-

methoxypyridin-3-yl)-1 lambda6,4-thiomorpholine-l, 1-dionc using Me(hod 37a. The final

product was purified by prep-HPLC under thc following conditions: column, XBridgc Prep C18

OBD Column, 150 x 19 mm, S um; mobile phase, acetonitrile in water (with 10 rnmol/L

NHaHCOB and 0.1% NHMH20), 32% to S1% gradient in 8 min; detector, UV 254 nm. S-(6-[[S-

(1, 1-dioxo-1 lambda6,4-(hiomorpholin-4-yl)-6-methoxypyridin-2-ylJaminoJpyrimidin-4-yl)-2-
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(oxan-4-yloxy)bcnzonitrilc was obtained as yellow solid (29 mg, 14'/o). HPLC: 99.2% purity, RT

= 5.69 min. MS: nt/z = 537.1 [M+HJ'.'H NMR (300 MHz, DMSO-dq) 8 10.05 (s, 1 H), 8.73 (s, 1

H), 8.38-8.19 (m, 3 H), 7.60-7.37 (m, 2 H), 7.24-7.14 (m, 1 H), 4.96-4.87 (m, 1 H), 4.01 (s, 3 H),

3.95-3.81 (m, 2 H), 3.62-3.48 (m, 2 H), 3.48-3.37 (m, 4 H). 3.35-3.20 (m, 4 H), 2.09-1.99 (m, 2

H). 1.77-1.61 (m, 2 H).

Example 11: 5-[6-[(5-[[2-(dimethylamino)ethyl](methyl)amino]-6-methoxypyridin-2-

yl)amino]pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile

0

/X /x

Br N 0 Pdz(dha)z CHCIz, BINAP,

CazCOz, dioxane, 100 'C 2 5 h

Method 28

XX'N
N N 0
H

The title compound was prepared from 6-bromo-N-[2-(dimethylamino)ethyl]-2-methoxy-N-

methylpyridin-3-amine and 5-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonittile using

Method 28. The final product was purified by prep-HPLC under thc following conditions;

column, XBtidgc Shield RP18 OBD Column, 150 x 19 mrn, 5 urn; mobile phase, acetonitrile in

water (with 10 mmol/L NHAHCOs and 0.1 % NHs.H20), 50 % to 80 % gradient in 8 min;

detector, UV 254 nm. 5-[6-[(5-[[2-(dimethylamino)ethyl](methyl)amino]-6-methoxypyridin-2-

yl)amino]pyrimidin-4-yl]-2-(oxan-4-yloxy)bcnzonitrilc was obtained as off-white solid (39 mg.

59 %). HPLC: 95.0 % purity, RT = 4.88 min. MS: /zt/z = 504.2 [M+HJ'. 'H NMR (300 MHz,

DMSO-dd) 8 9.93 (s, 1 H), 8.70 (s, 1 H), 8.38-8.15 (m, 3 H), 7.57-7.47 (m, 1 H), 7.28-7.19 (m, 1

H). 7.18-7.09 (m, 1 H), 4.97-4.85 (m, 1 H), 3.98 (s, 3 H), 3.94-3.80 (m, 2 H). 3.62-3.47 (m, 2 H),

3,15-3.04 (m, 2 H), 2.70 (s, 3 H), 2.40-2.28 (m, 2 H), 2.12 (s, 6 H), 2.09-1.97 (m. 2 H), 1.77-1.59

(m, 2 H).

Example 12: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-(oxan-4-yloxy)henzonitrile
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1 (1

N~N

B( / X N N— 0
'N=(

0 0/

,B,0'
Pd(PCyn,C(a NatCoa
dioxane 100 '0 15 h

Method 5

NC

Pdt(dbats Xantphos,
CstCos, DMF, 110 'C,

5 It

Method 37

CX'
N 0

Method S

5-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile: To a solution of 2-(oxan-4-yloxy)-5-

(tctramcthyl-1,3,2-dioxaborolan-2-yl)bcnzonittilc (525 mg, 1.59 mmol) in 1,4-dioxane (16 mL)

was added 6-chloropyrimidin-4-amine (1.64 g, 12.63 mmol), Pd(pcys)BC12 (324 mg, 0.44 mmol)

and a solution ol'odium carbonate in HBO (1.9 M, 4 mL, 7.60 mmol) at room temperature. The

resulting mixture was stincd for 16 h ai 100 'C. When thc reaction was done, ihc solids in thc

reaction mixture were filtered out and the filtrate was concentrated under reduced prcssure. The

residue was purii'ied by flash chromatography eluiing with MeOH in E(OAC (0%a io 50%a

gradient) io yield S-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile as light yellow solid

(448 mg, 9S%).

Method 37

5-(6-[[6-methoxy-5-(4-methylpiperazin-I-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: To a solution of 5-(6-arninopyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc

(448 mg, 1.48 mmol) in N,N-dimethylfonnamide (20 mL) were added 1-(6-bromo-2-

meihoxypyridin-3-yl)-4-meihylpiperazinc (464 mg. 1.62 mmol), Xantphos (17S mg, 0.30 mmol),

CsoCOB (961 mg, 2.95 mmol) and Pdz(dba)3 (136 mg, 0.15 tntnol) at rootn tmnperaturc. Thc

resulting mixture was stincd for 5 h at 110 'C. When thc reaction was done, Thc reaction

mixture was concentrated under reduced pressure and the residue was purified by prep-HPLC

under Ihe following conditions: column, XBridge Prep C18 OBD Column, 150 x 19 mm, 5 um;

tnobilc phase, acctonitrilc in water (with 10 nunol/L NHaHCOB and 0.1% NH(.HBO), 35% to

47% gradient in 8 tnin; dctcctor, UV 254 nm. 5-(6-[[6-methoxy-5-(4-tncthylpipcrazin-1-

yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile was obtained as yellow

solid (206 mg, 27%). HPLC: 99.8% purity, RT = 8.23 min. MS: tn/z = S02.1 [M+HJ'.'H NMR

(300 MHz, Methanol-dd) 8 8.64-8.S7 (m, 1 H), 8.25-8.13 (tn, 2 H), 8.00 (s, 1 H), 7.37-7.21 (m, 2
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H), 7.19-7.10 (m, 1 H), 4.91-4.81 (m, 1 H), 4.02 (s, 3 H), 3.99-3.91 (m, 2 H), 3.70-3.56 (m, 2 H),

3.07-3.00 (m, 4 H), 2.63-2.57 (m, 4 H), 2.32 (s, 3 H), 2.14-2.01 (m, 2 H), 1.89-1.71 (m, 2 H).

Example 13: 2-[[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-

methoxypyridin-3-yl](methyl)amino]-N,N-dimethylacetamide

Br

CI N 0

N

HsN~

Pds(dba)s CHCIs, Xantphcs
t-BuoNa, Tcl, 80 'C, 16 h

Method N2

xT
CI N 0

Mal

NaH, DMF,

80 *C, 8 5 8

Method K

XX'I

N 0

/ v

/'d(OAc)a

BINAP, Csscos,
d1oxane 120 'C, 5 h

Method 28

N

XX'
N 0

H

2-[(6-chloro-2-methoxypyridin-3-yl)amino]-N,N-dimethylacetamide: 2-[(6-chloro-2-

methoxypyridin-3-yl)amino]-N,N-dimethylacetamidc was prepared from 3-bromo-6-chloro-2-

methoxypyridinc and 2-amino-N,N-dimethylacetamide using Method N2 to yield 2-[(6-chloro-2-

methoxypyridin-3-yl)amino]-N,N-dimethylacetamide as brown oil (146 mg, 64%). MS: nt/z =

244.2 [M+H]'.

Method K

2-[(6-chloro-2-methoxypyridin-3-yl)(methyl)amino]-N,N-dimethylacetamide: To a solu(.ion

of 2-[(6-chloro-2-methoxypyridin-3-yl)amino]-N,N-dirnethylacetarnide (127 mg, 0.52 mmol) in

N,N-dimethylformamide (13 mL) was added sodium hydride (28 mg, 1.18 mmol) at 0 oC. The

resulting mixture was s(ined for 20 min and then was added by iodomcthane (93 mg. 0.66 mmol)

slowly at 0 'C. The reaction mixture was stirred for 4.5 h a( 80 'C. When the reaction was done,

it was quenched by aqueous NHpC1 solution (30 rnL). Thc resulting mixture was extracted with

ethyl acetate (50 mL x 3). The organic phases were combined, washed with brine and dried over

NB2SOA. The solvent was removed under reduced pressure to yield 2-[(6-chloro-2-

methoxypyridin-3-yl)(methyl)amino]-N,N-dimcthylacetamidc as brown syrup (140 mg, crude).

MS: m/z = 258.2 [M+H]+.
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2-[[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridin-3-

yl](methyl)amino]-N,N-dimethylacetamide: 2-
[ [6-([6- [3-cyano-4-(ox an-4-

yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridin-3-yl](methyl)amino]-N,N-

dimethylacetamidc was p& cparcd from 5-(6-aminopyrirnidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc

and 2-[(6-chloro-2-methoxypyridin-3-yl)(methyl)aminoJ-N,N-dimcthylacctamidc using Method

28. The final product was purified by prep-HPLC under thc following conditions: column,

XBridge Prep C18 OBDColumn, 150 x 19 mm, 5 um; mobile phase, acetonitrile in water (with

10 mmol/L NHAHCO( and 0.1% NH&.HBO). 30% to 42% gradient in 10 min; detector, UV 254

nm. 2-[[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-mcthoxypyridin-3-

ylJ(methyl)amino]-N,N-dimcthylacctamidc was obtained as yellow solid (17 mg, 8% for 2

steps). HPLC: 94.1% purity, RT = 3.23 min. MS; (n/2 = 518.2 [M+H]+. 'H NMR (300 MHx,

DMSO-d(,) 8 9.92 (s, 1 H), 8.70 (s, 1 H), 8.45-8.17 (m, 3 H), 7.58-7.48 (m. 1 H), 7.31-7.21 (m, 1

H). 7.16-7.06 (m, 1 H), 4.98-4.86 (m, 1 H), 4.04 (s, 2 H), 3.98 (s, 3 H), 3.95-3.81 (m, 2 H). 3.62-

3.48 (m, 2 H), 2.97 (s, 3 H), 2.81 (s, 3 H), 2.78 (s, 3 H), 2.11-1.99 (m, 2 H), 1.78-1.60 (m, 2 H).

Example 14: 5-[6-([5-[4-(2,2-difluoroethyl)piperazin-l-yl]-6-methoxypyridin-2-

yl]amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile

OQ
CN

HN N-Boc

Pd(OAc)I Xphos
t BuNa. Tol, 99 *0, 2 tt

Method 52

.Boc

CX'
0

NBS

DMF 30 0 955

Method 29

Boo

XX't

N 0

NHI

Pdu(dba&s, Xantphos.
CstCOI, dtoxane110'0,3 h

Method 37a

OQ
CN

.Boc

PX'
N 0

H0 I

dIoxane rt 3 h

Method 17a

OQ
CN

CX'
N 0

H

T(0~
OIEA DMF n, 13 h

Method 49

OQ
CN

CX'.
N N 0

Method 52
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5-[6-([5-[4-(2,2-difluoroethyl)piperazin-l-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]-

2-(oxan-4-yloxy)benzonitrile: To a solution of 3-bromo-2-mcthoxypyridinc (475 mg, 2.53

mmol) in toluene (10 mL) were added ieri-butyl piperazine-1-carboxylate (S94 mg, 3.19 mmol),

Pd(OAc)2 (114 mg, 0.51 tnmol), XPhos (234 tng, 0.50 mmol) and t-BuONa (485 mg, 5.04

mmol) at room tcmpcraturc. The resulting mixture was stirred for 2 h at 90 "C. When thc reaction

was done, thc solids in the reaction mixture were filtered out and the filtrate was concentrated

under reduced pressure. The residue was puril'ied by flash chromatography eluiing with EtOAc

in hcxanc (0% to 30% gradient) to yield tert-butyl 4-(2-mcthoxypyridin-3-yl)pipcrazinc-1-

carboxylate as brown oil (59S mg, 80%). MS: nu'z = 294.0 [M+HJ'.

Method 29

5-(6-J'[6-methoxy-5-(piperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: Ai -30 'C, to a solution ol tert-butyl 4-(2-meihoxypyridin-3-yl)piperazine-1-

carboxylate (547 mg, 1.87 mmol) in N,N-dimeihylformamide (8 ml) was added a solutionoi'BS
in DMF (5 mL, 2.0 mmol. 0.4 M) slowly. Thc resulting mixture was stirred for 30 min at—

30 "C. When thc reaction was done, the reaction mixture was diluted with H20 (50 mL) and

extracted with ethyl acetate (30 mL x 3). The organic phases were combined, washed with brine

and dried over NazSOx. The solvent was removed under reduced pressure to yield tert-butyl 4-(6-

bromo-2-mcihoxypyridin-3-yl)piperazine-1-carboxylate as brown oil (830 mg, etude). MS: mfz =

372.0 [M+HJ'.

tert-butyl 4-[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-

methoxypyridin-3-yl]piperazine-1-carboxylate: icri-butyl 4-[6-([6-[3-cyano-4-(oxan-4-

yloxy)phcnylJpyrirnidin-4-ylJamino)-2-mcthoxypyridin-3-ylJpipcrazine-1-carboxylate was

preptu ed from S-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile and tert-butyl 4-(6-

bromo-2-mcihoxypyridin-3-yl)piperazine-1-carboxylate using Method 37a to yield tert-butyl 4-

[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-ylJamino)-2-mcihoxypyridin-3-

ylJpipcrazinc-1-carboxylate as yellow solid (528 rng, 60%). MS: nv'z = 588.3 [M+HJ'.

Method 17a
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5-(6-[[6-methoxy-5-(piperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: To a solution of tert-butyl 4-[6-([6-[3-cyano-4-(oxan-4-

yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridin-3-yl]piperazine-I-carboxylate (519 mg,

0.88 mmol) in 1.4-dioxanc (15 mL) was added hydrogen chio& ide, solution (12 M, 1.5 mL, 18

mmol). Thc resulting &nixturc, was stirred for 2 h at roo&n tcmpcrature. When thc reaction was

done, thc reaction mixture was concentrated under reduced pressure to yield 5-(6-[[6-methoxy-5-

(piperaxin-I-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile as yellow solid

(700 mg, crude). MS: nv'z = 488.2 [M+H]'.

Method 49

5-[6-([5-[4-(2,2-difluoroethyl)piperazin-l-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]-

2-(oxan-4-yloxy)benzonitrile: To a solution of 5-(6-[[6-methoxy-5-(piperazin-1-yl)pyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile (95 mg, 0.19 mmol) in DMF (10 mL)

was added 2,2-difluoroeihyl trifluoromeihanesuli'onate (108 mg, O.S I mmol) and DIEA (2S6 mg,

1.98 mmol) ai room icmpcrature. The resulting mixture was stirred for 18 h at room icmpcrature.

When the reaction was done, the reaction mixture was diluted with HzO (20 mL) and extracted

with ethyl acetate (30 mL x 3). The organic phases were combined, washed with brine and dried

over NazSOa. The solvent was removed under reduced pressure and the residue was purified by

prep-HPLC under the following conditions: column, XBridgc Prep C18 OBD Column. 150 x 19

mm, S um; mobile phase, acetonitrile in water (with 10 mmol/L NHxHCO& and 0.1% NH&.HzO),

40% to 63% gradient in 8 min; detector, UV 2S4 nm. S-[6-([5-[4-(2,2-difluoroeihyl)piperazin-l-

yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile was obtained as

yellow solid (29 mg, 16% for 4 steps). HPLC; 99.1% purity, RT = 4.62 min. MS; mfz = 5S2.2

[M+H]'. 'H NMR (300 MHz, DMSO-ds) 8 9.97 (s, 1 H), 8.72 (s, 1 H), 8.38-8.22 (m, 2 H), 8.20

(s, 1 H), 7.S8-7.48 (m, 1 H), 7.33-7.24 (m, 1 H), 7.22-7.13 (m, I H), 6.42-S.92 (m, 1 H), 4.98-

4.86 (m, I H), 3.98 (s, 3 H), 3.94-3.81 (m, 2 H), 3.62-3.48 (m, 2 H), 2.99-2.91 (m, 4 H), 2.88-

2.62 (m, 6 H), 2.09-1.99 (m, 2 H). 1.77-1.60 (m, 2 H).

Example 15: 5-[6-([5-[(2R,6S)-2,6-dimethylmorpholin-4-yl]-6-methoxypyridin-2-

yl]amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile
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N

NHz
N

Pdz(dba)zCHClz, XantPhos,
Cszcos, dioxane, 120 'C, 12 h

Method 37a X3'
N OMe

H

The title compound was prepared from S-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile

and (28.6R)-4-(6-ch)oro-2-1ncthoxypyridin-3-yl)-2,6-dimcthylmorpholinc using Method 37a.

Thc final product was purified by prep-HPLC under thc following conditions: column, XBridge

Prep C18 OBD Column, 150 x 19 mm, 5 um, mobile phase, acetonitrile in water (with 10

mmol/L NH&HCO3 and 0.1 % NHibH20), 48 % to SS % gradient in 8 min; detecior, UV 254 nm.

5-I 6-([5-[(2R,6S)-2,6-dime(by)morpho)in-4-y)]-6-mcthoxypyridin-2-yl]amino)pyrimidin-4-yl]-2-

(oxan-4-yloxy)benzonitrile was obtained as off-white solid (2S mg, 15 %). HPLC: 99.4 %o purity,

RT = 5.S3 min. MS: /It/2 = 517.0 [M+H]'. 'H NMR (300 MHz, DMSO-dn) 6 9.93 (s, 1 H), 8.68

(s, 1 H), 8.34-8.20 (m, 2 H), 8.1S (s, 1 H), 7.54-7.44 (m, 1 H), 7.28-7.19 (m, 1 H), 7.19-7.10 (m,

1 H), 4.94-4.82 (m, 1 H), 3.9S (s, 3 H). 3.91-3.77 (m, 2 H), 3.76-3.63 (m. 2 H), 3.S9-3.44 (m, 2

H). 3.2S-3.16 (m, 2 H), 2.27-2.13 (m, 2 H), 2.06-1.95 (m, 2 H). 1.74-).S6 (m, 2 H), 1.09 (s, 3 H),

1.07 (s, 3 H).

Example 16: 5-[6-([5-[(3R,5S)-3,5-dimethyl-4-(oxetan-3-yl)piperazin-l-yl]-6-

methoxypyridin-2-yl]amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile

Qo

NHz

Pdzidba)zCHClz,
XantPhos Cszcoz,

dioxane, 120 'C, 12 h

Method 37a

J.,X'X'

N N OMe
H
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Thc title compound was prcparcd from 5-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc

and (2R,6S)-4-(6-chloro-2-methoxypyridin-3-yl)-2,6-dimethyl- 1-(oxetan-3-yl)piperazine using

Method 37a. The final product was purii'ied by prep-HPLC under the lollowing conditions:

column, XB&idge Shield RP18 OBD Column, 150 x 19 mm, S um; mobile phase, acetonitrile in

water (with 10 m&nol/L NHAHCO& and 0.1 '/o NH&.H&O), S5 '/o to 85 '/o gradient in 8 min;

detector, UV 254 nm. 5-[6-([5-[(3R,5S)-3,5-dimethyl-4-(oxctan-3-yl)piperazin-l-yl]-6-

meihoxypyridin-2-yl]amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzoniirile was obtained as light

yellow solid (17 mg, 9%). HPLC: 98.7 '/o purity, RT = 4.34 min. MS: m/z = 572.3 [M+HJ'. 'H

NMR (300 MHz, DMSO-o/0) 8 9.96 (s, 1 H), 8.71 (s, 1 H), 8.38-8.23 (m. 2 H), 8.22 (s, 1 H),

7.57-7.47 (m, 1 H), 7.29-7.19 (m, 1 H), 7.19-7.10 (m, 1 H), 4.97-4.85 (m, 1 H), 4.57-4.48 (m, 4

H), 4.13-4.00 (m, 1 H), 3.98 (s, 3 H), 3.94-3.81 (m, 2 H), 3.62-3.48 (m, 2 H), 2.98-2.87 (m, 2 H),

2.8S-2.61 (m, 4 H), 2.09-1.99 (m, 2 H), 1.77-1.60 (m. 2 H). 1.0S (s, 3 H). 1.03 (s. 3 H).

Example 17: 5-(6-[[6-methoxy-5-(piperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-

(oxan-4-yloxy)benzonitrile

CN

~ ~~N
Pd(PPho)4 Cexcoo,
dioxeoe 120'C 3h

Method 343 N N 0

TFA

DCM rt 3h

Method 33

 0
N

N N 0
H

NH

Method 34a

tert-butyl 4-[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-

methoxypyridin-3-yl]piperidine-1-carboxylate: To a solui.ion of S-(6-chloropyrimidin-4-yl)-2-

(oxan-4-yloxy)bcnzonitrilc (91 &ng, 0.29 mmol) in dioxanc (10 &nL) was added tert-butyl 4-(6-

amino-2-methoxypyridin-3-yl)piperidine-1-carboxylate (87 mg, 0.28 mmol), Pd(PPh&)A (70 mg,

0.06 mmol) and Cs2CO& (245 mg, 0.7S mmol) at room temperature. The resulting mixture was

stirred for 3 h at 120 "C. When ihe reaction was done, the solids in ihe reaction mixture were

filtcrcd out and the filtrate was conccntratcd under rcduccd prcssure. Thc residue was purified by

flash chromatography eluting with MeOH in EtOAc (0% to 50% gradient) to yield tert-butyl 4-

77



WO 2019/079375 PCT/ti S2010/056192

[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridin-3-

ylJpipcridine-1-carboxylate as yellow solid (59 mg, 35%o). MS: //1/z = 587.3 [M+H]+.

Method 35

5-(6-[[6-methoxy-5-(piperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: To a solution of tert-butyl 4-[6-([6-[3-cyano-4-(oxan-4-

yloxy)phenylJpyrimidin-4-yl]amino)-2-rncthoxypyridin-3-yl]pipcridinc-1-carboxylate (81 mg,

0.14 mmol) in dichloromcthanc (S mL) was added trifluoroacetic acid (2 mL, 25.58 mmol) at

room temperature. The resulting mixture was stirred for 3 h ai room temperature. When ihe

reaction was done, ihe pH value ol'he reaction mixture was adjusted io 8-9 with NaOH solution

(2 M). Thc resulting mixture was cxtractcd with dichloromcthanc (20 mL x 3). Thc organic

phases were combined, washed with btinc and dried over NazSOq. The solvent was rmnoved

under reduced pressure and ihe residue was purified prep-HPLC under the following conditions;

column, XBridge Prep C18 OBD Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in

water (with 10 mmol/L NH&HCOB and 0.1% NHs.H20), 2S% to 42% gradient in 7 min; dctcctor.

UV 254 nm. 5-(6-[[6-methoxy-5-(pipcridin-4-yl)pyridin-2-ylJaminoJpyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile was obtained as white solid (1S mg, 22%). HPLC: 9S.3% purity, RT = S.80

min. MS: m/2 = 487.2 [M+H]+. 'H NMR (300 MHz, DMSO-dd) 8 10.09 (s, 1 H), 8.74 (s, 1 H),

8.48-8.21 (m, 3 H), 7.58-7.48 (m, 2 H), 7.19-7.10 (m. 1 H). 4.98-4.85 (m, 1 H), 3.98 (s, 3 H),

3.94-3.77 (m, 2 H), 3.62-3.48 (m, 2 H), 3.06-2.95 (m, 2 H), 2.86-2.72 (m, 1 H), 2.64-2.52 (m, 2

H), 2.09-1.98 (m, 2 H), 1.78-1.59 (m, 4 H), 1.SS-1.37 (m, 2 H).

Example 18: 5-(6-[[6-methoxy-5-(1-methylpiperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-(oxan-4-yloxy)benzonitrile

N~&N
Pd/OAc),, BINAP, CeeCON

dioxane, 120 'C, 2 h

N N 0
H
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Thc title compound was prcparcd from 5-(6-chloropyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc

and 6-methoxy-5-(1-mcthylpiperidin-4-yl)pyridin-2-amine using Method 28. Thc final product

was puril ied by prep-HPLC under the following conditions: column, XBridge Prep C18 OBD

Column, 1SO x 19 mrn, 5 urn; mobile phase, acetonitrile in water (with 10 rnmol/L NHAHCOB

and 0.1 '/o NH&.H20), 40 '/o to 55 '/o gradient in 7 min; dctcctor, UV 254 nm. 5-(6-[[6-mcthoxy-

5-(1-mcthylpiperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile was

obtained as white solid (11 mg, 8 %). HPLC: 97.1 % purity, RT = 3.02 min. MS: ru/z = S01.5

[M+HJ'. 'H NMR (400 MHz. Methanol-ds) 8 8.71 (s, 1 H), 8.35-8.24 (m. 3 H), 7.S8-7.51 (m, 1

H). 7.4S-7.38 (m, 1 H), 7.21-7.14 (m, 1 H), 4.94-4.86 (m, 1 H). 4.07 (s, 3 H). 4.06-3.99 (m, 2 H),

3.74-3.64 (m, 2 H), 3.19-3.06 (m, 2 H), 2.93-2.82 (m, 1 H), 2.44 (s, 3 H), 2.39-2.28 (m, 2 H),

2.18-2.09 (m, 2 H), 1.9-1.75 (m, 6 H).

Example 19: 5-[6-[(6-methoxy-5-[[(1-methylpiperidin-4-yl)amino]methyl]pyridin-2-

yl)amino]pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile

Gl / s

N HN~N—
0—

0

Q / s /

Pd(QAc)a BINAP, CssCOs,
dioxene, 100 'C. 2.5 h

N N 0
H

Thc title compound was prepared from 5-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc

and N-[(6-chloro-2-methoxypyridin-3-yl)methyl]-1-methylpiperidin-4-amine using Method 28.

The final product was purified by prep-HPLC under the following conditions: column, XBridge

Shield RP18 OBD Column, 1SO x 19 mm, S um; mobile phase, acetonitrile in walcr (wilh 10

rnrnol/L NH&HCOB and 0.1 % NHB.H20), 5S % to 80 % gradient in 8 min; dctcctor, UV 2S4 nm.

S-[6-[(6-methoxy-S-[[(1-methylpiperidin-4-yl)amino]methyl]pyridin-2-yl)amino]pyrimidin-4-

yl]-2-(oxan-4-yloxy)benzonitrile was obtained as off-white solid (33 mg, 4S %). HPLC: 90.8 %c

purity, RT = 2.07 min. MS: m/z = S30.3 [M+HJ'. 'H NMR (300 MHz, DMSO-do) 8 10.13 (s, 1

H), 8.75 (s, 1 H), 8.41-8.23 (m, 3 H), 7.71-7.61 (rn, 1 H), 7.57-7.48 (m, 1 H), 7.17-7.08 (m, 1 H),
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4.97-4.85 (m, 1 H), 3.98 (s, 3 H), 3.94-3.80 (m, 2 H), 3.71-3.47 (m, 4 H), 2.72-2.62 (m, 2 H),

2.34-2.27 (m, 1 H), 2.11 (s, 3 H), 2.08-1.96 (m, 2 H), 1.91-1.57 (m, 7 H), 1.3S-1.16 (m, 2 H).

Example 20: 5-(6-[[6-methoxy-5-(1-methylpyrrolidin-3-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-(oxan-4-yloxy)benzonitrile

CN

Pd(OAcn BINAP, Cefcoe
droxane, 120 'C 3 5 h

Qo
N

Boo formalin

HCOOH, 140 C 1 51i

 o
N

/
N

CI Method 28
N N 0
H Method 14

N N 0
H

5-(6-]'[6-methoxy-5-(1-methylpyrrolidin-3-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: tert-butyl 3-[6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-

2-mcthoxypyridin-3-ylJpyrrolidinc-1-carboxylate was prepared from S-(6-chloropyrimidin-4-yl)-

2-(oxan-4-yloxy)bcnzoniirilc and tert-butyl 3-(6-amino-2-mcthoxypyridin-3-yl)pyrrolidinc-1-

carboxylate using Method 28 to yield tert-butyl 3-[6-([6-[3-cyano-4-(oxan-4-

yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridin-3-yl]pynolidine-1-carboxylate as brown

solid (1SO mg, crude). MS: m/z = 573.3 [M+HJ'.

Method 14

5-(6-[[6-methoxy-5-(1-methylpyrrolidin-3-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: To a solution of tert-butyl 3-[6-([6-[3-cyano-4-(oxan-4-

yloxy)phenyl]pyrimidin-4-yl]amino)-2-methoxypyridin-3-yl]pynolidine-1-carboxylate (80 mg,

etude) in HCOOH (8 mL) was added formalin (S mL, 72 mmol, 14.4 M) at room temperature.

The resulting mixture was stirred for 1.5 h at 140 'C. When thc reaction was done. the reaction

rnixturc was conccntratcd under reduced prcssure and thc residue was purified by prep-HPLC

under the following conditions: column, XBtidge Prep C18 OBD Column, 150 x 19 mm, S um;

mobile phase, acetonitrile in water (with 10 mmol/L NH4HCOB and 0.1% NHB.H20), 35% to

S0% gradient in 8 min; detector, UV 2S4 nm. S-(6-[[6-methoxy-5-(1-methylpyrrolidin-3-

yl)pyridin-2-ylJaminoJpyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonittilc was obtained as off-white

solid (12 mg, 7.3% for 2 steps). HPLC: 96.5% purity, RT = 2.92 min. MS: nf/z = S30.3 [M+H]'.
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'H NMR (300 MHz, DMSO-dd) 8 10.10 (s, 1 H), 8.75 (s, 1 H), 8.47-8.24 (m, 3 H), 7.69-7.59 (m,

1 H), 7.62-7.48 (m, 1 H), 7.17-7.08 (m, 1 H), 4.98-4.85 (m, 1 H), 3.98 (s, 3 H), 3.94-3.78 (m, 2

H), 3.62-3.39 (m, 3 H), 2.83-2.71 (m, 1 H), 2.6S-2.S3 (m, 2 H), 2.45-2.33 (m, 1 H), 2.28 (s, 3 H),

2.26-2.07 (m, 1 H), 2.09-1.99 (m, 2 H), 1.82-1.60 (m. 3 H).

Example 21: 2-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-5-(oxan-4-yloxy)pyridine-4-carbonitrile

XXi'r

N OMe

/ x / Pd(Ado)e BINAP, Caacoe
droxane, 120 'C. 2 h

Method 28
N N OMe
H

The title compound was prepared from 2-(6-aminopyrimidin-4-yl)-S-(oxan-4-yloxy)pyridine-4-

carbonitrile and 1-(6-bromo-2-mcthoxypyridin-3-yl)-4-mcthylpipcrazine using Method 28. Thc

final product was purified by prep-HPLC under the following conditions: column, XBridgc Prep

C18 OBD Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L

NH&HCOB and 0.1 % NHB.H20), 25 % to 32 % gradient in 7 min; detector, UV 254 nm. 2-(6-[[6-

methoxy-5-(4-mcthylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-5-(oxan-4-

yloxy)pyridine-4-carbonitrilc was obtained as yellow solid (19 mg, 1S %). HPLC: 99.1 '/o purity,

RT = S.45 min. MS; m/- = 503.2 [M+H]'. 'H NMR (300 MHz, Methanol-dq) 8 8.76-8.60 (m, 3

H), 8.47 (s, 1 H), 7.36-7.27 (m, 1 H), 7.11-7.01 (m, 1 H), S.11-4.96 (m, 1 H), 4.08 (s, 3 H), 4.04-

3.90 (m, 2 H), 3.72-3. S7 (m, 2 H). 3.43-3.36 (m, 6 H), 3.19-3.12 (m, 2 H), 2.93 (s, 3 H), 2.20-

2.06 (m, 2 H), 1.93-1.75 (rn, 2 H).

Example 22: 6-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-3-(oxan-4-yloxy)pyridine-2-carbonitrile
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+o

Pd(Aco)z, BINAP, CszCOz
dioxane, 120 'C, 2 h

Method 28 N N OMe
H

The title compound was prepared from 6-(6-aminopyrimidin-4-yl)-3-(oxan-4-yloxy)pyridine-2-

carbonitrile and 1-(6-bromo-2-methoxypyridin-3-yl)-4-methylpiperazine using Method 28. The

1'inal product was purified hy prep-HPLC under the 1'ollowing condi(ions: column, XBridge Prep

C18 OBD Column, 150 x 19 mm, S um; mobile phase, acetonitrile in water (with 10 mmol/L

NH&HCOB and 0.1 % NHs.H20), 32 %o to 41 %o gradient in 7 min; detector, UV 254 nm. 6-(6-[[6-

methoxy-S-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-3-(oxan-4-

yloxy)pyridine-2-carhonitrile was oh(ained as ligh( yellow solid (57 mg, 28 %o). HPLC: 98.2 %

purity, RT = 1.40 min. MS: I/2 = S03.4 [M+HJ'. 'H NMR (400 MHz, DMSO-dd) 8 10.17 (s, 1

H), 9.05 (s, 1 H), 8.74 (s, 1 H), 8.62-8.S4 (m, 1 H), 8.11-8.03 (In, 1 H), 7.31-7.24 (m, 1 H), 6.99

(s, 1 H), S.03-4.92 (m, 1 H), 4.11 (s, 3 H), 3.94-3.81 (m, 2 H), 3.61-3.SO (m, 2 H), 3.00-2.93 (m,

4 H), 2.49-2.44 (m, 4 H), 2.23 (s, 3 H), 2.11-2.00 (m, 2 H), 1.78-1.64 (m, 2 H).

Example 23: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-(oxan-4-yluxy)pyridine-3-carbonitrile

+o

Pd(OAc)z, BINAP, Ca,coz,
dioxane, 110 'C, 2 h

Method 28 N N OMe
H

5-(6-[[6-methoxy-5-(4-methylpiperazin-I-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yluxy)pyridine-3-carbonitrile: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-

ylJaminoJpyrimidin-4-yl)-2-(oxan-4-yloxy)pytidinc-3-carbonitrilc was prepared from S-(6-

aminopyrimidin-4-yl)-2-(tctrahydro-2H-pyran-4-yloxy)nicotinonittilc and 1-(6-bromo-2-
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mcthoxypyridin-3-yl)-4-mcthylpipcrazine using Method 28. Thc 1'inal product was purified by

prep-HPLC under the following conditions: column, XB)idge Prep C18 OBD Column, 150 x 19

mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L NH4HCO1 and 0.1 o/o NH1.H20),

40 '/o to 4S '/o gradient in 7 min; dctcctor, UV 2S4 nrn. 5-(6-[[6-methoxy-5-(4-mcthylpipe& azin-

1-yl)pyridin-2-ylJ amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)pyridine-3-carbo nitrile was obtained

as light yellow solid (31 mg, 21 %). HPLC: 98.1 o/o purity, RT = 1.15 min. MS: /)t/2 = 503.2

[M+H]+. 'H NMR (400 MHz, DMSO-Ck) 8 10.04 (s, 1 H), 9.07-9.02 (m, 1 H), 8.80-8.77 (m, 1

H). 8.74 (s, 1 H). 8.18 (br s. 1 H), 7.32-7.24 (m, 1 H), 7.19-7.12 (m, 1 H), S.50-5.39 (m. 1 H),

3.97 (s. 3 H), 3.94-3.84 (m, 2 H), 3.63-3. S2 (m, 2 H), 2.99-2.94 (m, 4 H). 2.49-2.42 (m, 4 H),

2.23 (s, 3 H), 2.12-2.03 (m, 2 H), 1.81-1.68 (m, 2 H).

Example 24: 2-(6-[[6-methoxy-5-(1-methylpiperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-5-(oxan-4-yloxy)pyridine-4-carbonitrile

— sn—

1,1„
Pd(PPhs)a dioxane,

120 sc, 2 h

Method 12a

Pd(PPhs)a Cstccs,
dioxane, 120 'C, 2 h

Method 34a
N N OMe
H

Thc title compound was prepared from 5-(tctrahydro-2H-pyran-4-yloxy)-2-

(trimethylstannyl)isonicotinonitrile, 4,6-dichloropyrimidine, and 6-methoxy-5-(1-

methylpiperidin-4-yl)pyridin-2-amine using Method 12a and 34a. The final product was purified

by prep-HPLC under thc following conditions: column, XBridge Prep C)8 OBD Column, 150 x

19 mm, 5 urn; mobile phase, acetonitrile in water (with 10 rnrnol/L NH4HCOs and 0.1 o/s

NH3.H20), 3S o/o to 4S o/o gradient in 13 min; detector, UV 2S4 nm. 2-(6-[[6-methoxy-S-(1-

methylpiperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-S-(oxan-4-yloxy)pyridine-4-

carbonitrile was obtained as oft-white solid (9 mg, 4.7 % lor 2 steps). HPLC; 95.5 %o purity, RT

= 3.14 min. MS: nt/2 = 502.2 [M+HJ'. 'H NMR (400 MHz, DMSO-t/0) 8 10.25 (s, 1 H), 8.89 (s, 2

H), 8.77 (s, 1 H), 8.56 (s, 1 H), 7.S6 (d, J = 8.0 Hz, 1 H), 7.12 (br s, 1 H), S.18-5.09 (m, 1 H),

4.02 (s, 3 H), 3.93-3.83 (m, 2 H), 3.61-3.51 (m, 2 H), 2.89-2.81 (m, 2 H), 2.67-2.60 (m, 1 H),

2.18 (s, 3 H), 2.13-2.03 (m. 2 H), 1.99-1.88 (m, 2 H), 1.79-).S4 (m, 6 H).
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Example 25: 6-(6-[[6-methoxy-5-(1-methylpiperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-3-(oxan-4-yloxy)pyridine-2-carbonitrile

—Sn—

(,1„
Pd(PPhz)o dioxane,

120 ac,2 h

Method 12a

Pd(PPhs)o Cszcos,
dioxane, 120 'C, 2 h

Method 34a
N OMe

The (itic compound was prepared from 3-(oxan-4-yloxy)-6-(trimethylstannyl)pyridine-2-

carbonitrilc, 4.6-dichloropyrimidinc, and 6-methoxy-S-(1-mcthylpipcridin-4-yl)pyridin-2-aminc

using Method 12a and 34a. The final product was purified by prep-HPLC under the following

conditions: column, XBridgc Prep C18 OBD Column, 150 x 19 mm, 5 um; mobile phase,

ace(oni(rile in water (with 10 mmol/L NH4HCOS and 0.1 % NHS.H20), 3S % to 4S % gradient in

7 min; detector, UV 254 nm. 6-(6-[[6-methoxy-S-(1-mcthylpipcridin-4-yl)pyridin-2-

ylJamino]pyrimidin-4-yl)-3-(oxan-4-yloxy)pyridinc-2-carbonitrilc was obtained as white solid

(23 mg, 7.7 % for 2 steps). HPLC: 98.7 % purity, RT = 3.08 min. MS: /t/Jz = 502.5 [M+HJ'. 'H

NMR (400 MHz, DMSO-do) 8 10.30 (s, 1 H), 9.19 (s, 1 H), 8.79 (d, J = 1.2 Hz, 1 H), 8.63-8.56

(m, 1 H), 8.12-8.0S (m, 1 H), 7.56 (d, J = 8.0 Hz, 1 H), 6.98 (s, 1 H), S.04-4.93 (m, 1 H). 4.12 (s,

3 H), 3.94-3.84 (m, 2 H), 3.62-3.S1 (m, 2 H), 2.86 (d, J = 11.2 Hz, 2 H), 2.73-2.61 (m, 1 H), 2.20

(s, 3 H), 2.10-1.90 (rn, 4 H), 1.80-1.54 (m, 6 H).

Example 26: 6-([6-[4-cyano-5-(oxan-4-yloxy)pyridin-2-yl]pyrimidin-4-yl]amino)-2-

methoxy-N,N-dimethylpyridine-3-carboxamide

Q. N ~N

SnMes

Pd(PPhs)e dioxane,
130 cc, 16 h

Method 12a

Pd(Aco)z a)NAP, Cszcos
dioxane, 100 'C, 3 h

Method 28
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Thc title compound was prcparcd from 5-(tetrahydro-2H-pyran-4-yloxy)-2-

(trimethylstannyl)isonicotinonitrile, 6-chloropyrimidin-4-amine, and 6-chloro-2-methoxy-N,N-

dimeihylnicotinamide using Method 12a and 28. The 1'inal product was purii'ied by prep-HPLC

under thc following conditions: column, XB&idge Prep C18 OBD Column. 150 x 19 mm, 5 um;

mobile phase, acctonitrilc in water (with 10 mmol/L NH&HCOT and 0.1 %o NHMH20), 20 % to 37

%o gradient in 8 min; detector, UV 254 nm. 6-([6-[4-cyano-5-(oxan-4-yloxy)pyridin-2-

yl]pyrimidin-4-yl]amino)-2-methoxy-N,N-dimethylpyridine-3-carboxamide was obtained as

white solid (9 mg, 2.9 % for 2 steps). HPLC: 92.3 % purity, RT = 1.41 min. MS: nt/2 = 476.1

[M+HJ'. 'H NMR (300 MHz. DMSO-dh,) 8 10.56 (s, 1 H), 8.99 (s, 1 H). 8.92 (s, 1 H). 8.8S (s, 1

H), 8.60 (s, I H), 7.70-7.61 (m, I H), 7.27-7.17 (m, I H), S.19-5.13 (m, I H), 4.08 (s, 3 H), 3.9S-

3.84 (m, 2 H), 3.61-3.SS (m, 2 H), 2.98 (s, 3 H), 2.85 (s, 3 H), 2.16-2.05 (m, 2 H), 1.78-1.69 (m,

2 H).

Example 27: 5-[6-([6-methoxy-5-[1-(2,2,2-trifluoroethyl)piperidin-4-yl]pyridin-2-

yl]amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile

Qo
N

T/O CFt

DIEA DMF, rt, 3 h

DQ

N N 0
H Method 57

N N OMe
H

Method 57

To a solution of 5-(6-[[6-methoxy-5-(pipcridin-4-yl)pyridin-2-ylJaminoJpyrimidin-4-yl)-2-(oxan-

4-yloxy)benzonitrile (77 mg, 0.16 mmol) in N,N-dirncthylformamidc (10 rnL) was added 2,2,2-

trifluoroethyl trifluoromethanesulfonate (114 mg, 0.49 mmol) and DIEA (257 mg, 1.98 mmol) at

room temperature. The resulting mixture was stirred for 3 h at room temperature. When the

reaction was done, ihe reaction mixiurc was diluicd with water (2S mL) and cxiracted wiih ethyl

acetate (40 mL x 3). Thc organic phases were combined, washed with brine and dried over

NazSOe. The solvent was removed under reduced pressure and the residue was purified by prep-

HPLC under the following conditions: column, XBridge Prep C18 OBD Column, 150 x 19 mm,

S um; mobile phase, acetonitrile in waicr (with 10 mmol/L NH&HCOs and 0.1 % NHT.H 0), SS
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'/o to 80 '/o gradient in 8 min; detector, UV 254 nm. S-[6-([6-methoxy-S-[1-(2,2,2-

trifluoroethyl)pipcridin-4-ylJpyridin-2-ylJamino)pyrimidin-4-yl]-2-(oxan-4-yloxy)bcnzonittilc

was obtained as white solid (29 mg, 33 %o). HPLC: 98.3 % purity, RT = 3.19 min. MS: nVz =

569.3 [M+HJ'. 'H NMR (400 MHz, Methanol-d4) 8 8.69 (s. 1 H), 8.32-8.22 (rn, 3 H), 7.57-7.49

(m, 1 H),7.44-7.36 (rn, 1 H), 7.17-7.10 (m, 1 H). 4.97-4.88 (m, 1 H),4.05 (s, 3 H),4.04-3.98 (rn,

2 H), 3.74-3.63 (m, 2 H), 3.17-3.05 (m, 4 H), 2.88-2.75 (m, 1 H), 2.S7-2.45 (m, 2 H), 2.19-2.07

(m, 2 H), 1.93-1.70 (m, 6 H).

Example 28: 5-[6-([5-[1-(2,2-difluoroethyl)piperidin-4-yl]-6-methoxypyridin-2-

yl]amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile

N

rfo CF»

DIEA, DMF, rt 3 h

G.
N CHFt

N N 0
H

Method 57
N N OMe
H

The title compound was prepared from 5-(6-[[6-methoxy-S-(piperidin-4-yl)pyridin-2-

ylJamino]pyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc and 2,2-difluorocthyl

trifluoromcthancsulfonatc using Method S7. The final product was purified by prep-HPLC under

the following conditions: column, XBridgc Shield RP18 OBD Column, 1SO x 19 mm, 5 um;

mobile phase, acetonitrile in water (with 10 mmol/L NHAHCOs and 0.1 %o NH».H20), 55 % to 80

%o gradient in 8 min; detector, UV 2S4 nm. S-[6-([S-[l-(2,2-difluoroethyl)pipcridin-4-ylJ-6-

rnethoxypyridin-2-ylJamino)pyrimidin-4-ylJ-2-(oxan-4-yloxy)benzonitrilc was obtained as white

solid (27 mg, 31 %). HPLC; 90.0 % purity, RT = 3.16 min. MS: /1I/z = SS1.3 [M+H]'. 'H NMR

(400 MHz, Methanol-d4) 8 8.70 (s, 1 H), 8.34-8.23 (m, 3 H), 7.S7-7.SO (m, 1 H), 7.44-7.37 (m, 1

H). 7.18-7.11 (m, 1 H), 6.22-S.86 (m, 1 H), 4.96-4.89 (m, 1 H). 4.06 (», 3 H). 4.0S-3.97 (m, 2 H),

3.74-3.63 (m, 2 H), 3.15-3.07 (m, 2 H), 2.88-2.75 (m, 2 H), 2.43-2.32 (m, 2 H), 2.18-2.08 (m, 2

H), 1.93-1.71 (m, 6 H).

Example 29: 5-(6-[[5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-

4-yloxy)benzonitrile
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1 (1

~ ~N

f 0

H2N N N— 0
N

B,
0 0

Pd(doohcls CH2Cle CssCOs,
MeCN, H20 120 'C, 2 h

Method C

NC

Pd(Aco)2, BINAP, Cstcos
dioxece, 110 'C 3 h

Method 28 CY'ethod

C

5-(6-[[5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: To a solution of 2-(oxan-4-yloxy)-5-(tetramethyl-1,3,2-dioxahorolan-2-

yl)bcnzonitrilc (183 mg, 0.56 mmol) in McCN (12 mL) was added 4,6-dichloropyrimidinc (172

mg, 1.15 mmol), Pd(dppf)C12.CHBC12 (24 mg, 0.03 mmol), a solution of CszCO3 (396 mg, 1.15

mmol) in 4 mL water at room temperature. Thc resulting mixture was stirred for 2 h at 120 o('.

When the reaction was done, the reaction mixture was concentrated under reduced pressure and

thc residue was purified by flash chromatography cluting with EtOAC in hcxanc (0% to 100%

gradient) to yield 5-(6-chloropytimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile as off-white solid

(180 mg, crude). MS: /)u'z = 316.1 [M+HJ'.

5-(6-[[5-(4-methyl piperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-

yloxy)benzonitrile: 5-(6-
[ [5-(4-methylpipcrazin-1-yl)pyridin-2-ylJ amino]pyrimidin-4-yl)-2-

(oxan-4-yloxy)benzonitrile was prepared 1'rom 5-(6-chloropyrimidin-4-yl)-2-(oxan-4-

yloxy)bcnzonitrilc and 5-(4-mc(hylpipcrazin-1-yl)pyridin-2-aminc using Method 28. The final

product. was purified by prep-HPLC under thc following conditions: column, XBridge Prep Cl 8

OBD Column, 150 x 19 mm, S um; mobile phase, acetonitrile in water (with 0.05% NHB.H20),

30% to 60% gradient in 8 min; detector, UV 2S4 nm. S-(6-[[5-(4-methylpiperazin-1-yl)pyridin-

2-ylJamino]pyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc was ob(ained as ligh(. yellow solid (59

mg, 44% for 2 steps). HPLC: 98.1% puri(y, RT = 2.S 1 min. MS: nv'~ = 472.3 [M+HJ'. 'H NMR

(400 MHz, DMSO-dh) 8 10.01 (s, 1 H), 8.69 (s, 1 H), 8.34-8.21 (m, 2 H), 8.04-8.01 (rn, 2 H),

7.99 (s, 1 H), 7.70-7.63 (m, 1 H), 7.SS-7.48 (m, 1 H), 7.48-7.40 (m, 1 H), 4.96-4.85 (m, 1 H),

3.91-3.81 (m, 2 H), 3.S9-3.48 (m, 2 H), 3.15-3.08 (m, 4 H), 2.49-2.41 (m, 4 H), 2.21 (s, 3 H),

2.10-1.95 (m, 2 H), 1.74-1.61 (m, 2 H).
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Example 30: 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-N,N-

dimethylpyridine-3-carboxamide

NC

Pdt(dha)s Xantphos,
Cstcos, DMF. 110 'C

16 h

Method 37a

0

N

Thc title compound was prepared from 5-(6-aminopyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile

and 6-chloro-N,N-dimethylpyridine-3-carboxamide using Method 37a. The final product was

purified by prep-HPLC under thc following conditions: column, XBridgc Prep C18 OBD

Column, 1SO x 19 mm, 5 um; mobile phase, acetonitrile in water (with 0.05 % NH3.H20). 35 %

to 65 %o gradient in 8 min; detector, UV 254 nm. 6-([6-[3-cyano-4-(oxan-4-

yloxy)phenyl]pyrimidin-4-yl]amino)-N,N-dimethylpyridine-3-carboxamide was obtained as

white solid (30 mg. 70 '/o). HPLC: 99.S % purity, RT = 1.S1 min. MS: m/z = 44S.2 [M+HJ'. 'H

NMR (400 MHz, DMSO-ds) 8 10.51 (s, 1 H), 8.82 (s, 1 H), 8.48-8.42 (m, 1 H), 8.39-8.27 (m, 2

H), 8.21 (s, 1 H), 7.91-7.81 (m, 2 H), 7.55 (d, j = 9.1 Hz, 1 H), 4.99-4.88 (rn, 1 H), 3.93-3.83 (m,

2 H), 3.61-3.50 (m, 2 H), 3.01 (s, 6 H), 2.10-2.00 (m, 2 H), 1.76-1.63 (m, 2 H).

Example 31: 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-4-methoxy-N,N-

dimethylpyridine-3-carboxamide

Its N ~ 0

N~~N N
OMe

MetNOC

N CI
Pdt(dba)s, Xantphos,

Cstcos, DMF, 110 'C,
sh

Method 37a

6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-4-methoxy-N,N-

dimethylpyridine-3-carboxamide: 6-([6-[3-cyano-4-(oxan-4-yloxy)phcnylJpyrimidin-4-

yl]amino)-4-methoxy-N,N-dimethylpyridine-3-carboxamide was prepared from 6-chloro-4-
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methoxy-N,N-dimcthylpyridinc-3-carboxamidc and S-(6-aminopyrimidin-4-yl)-2-(oxan-4-

yloxy)bcnzonitrilc using Method 37a. The final product was purified by prep-HPLC under the

1'ollowing conditions: column, XBridge Prep C18 OBD Column, 150 x 19 mm, S um; mobile

phase, acctonitrilc, in water (with 10 rnmol/L NH4HCO3 and 0.1 % NH1.H30), 33 % to 37 %

gradient in 7 min; dctcctor, UV 254 nrn. 6-([6-[3-cyano-4-(oxan-4-yloxy)phcnylJpyrimidin-4-

ylJamino)-4-methoxy-N,N-dimethylpyridinc-3-carboxamidc was obtained as white solid (23 mg,

16 %). HPLC: 99.8 %o purity, RT = 1.51 min. MS: rrr/z = 475.3 [M+H]+. 'H NMR (300 MHz,

DMSO-Ck,) 8 10.34 (s, 1 H). 8.82 (s, 1 H). 8.39-8.24 (m, 2 H), 8.22 (s, 1 H), 8.07 (s, 1 H), 7.59-

7.SO (m, 2 H), 4.99-4.87 (m, 1 H). 3.89 (s, 3 H). 3.89-3.82 (m, 2 H), 3.63-3.48 (m, 2 H), 2.98 (s,

3 H), 2.83 (s, 3 H), 2.10-1.99 (m, 2 H), 1.78-1.60 (m, 2 H).

Example 32: 5-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-3-methoxy-N,N-

dimethylpyridine-2-carboxamide

Q / X /

Pd,(dha)s, Xahtphos,
Csscos, DMF, 110 C,

4h

Method 37a

Thc title compound was prepared from 5-bromo-3-methoxy-N,N-dimcthylpyridinc-2-

carboxamidc and 5-(6-arninopyrirnidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc using Method 37a.

The final product was purified by prep-HPLC under the following conditions; column, XBridge

Prep C18 OBD Column, 1SO x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10

mmol/L NH4HCO3 and 0.1 % NH3.H20), 25 % to 42 % gradient in 7 min; detector, UV 254 nm.

5-([6-[3-cyano-4-(oxan-4-yloxy)phcnylJpyrirnidin-4-ylJarnino)-3-methoxy-N,N-

dimethylpyridine-2-carboxamide was obtained as off-white solid (40 mg, 31 %). HPLC: 99.3 %

purity, RT = 0.9S min. MS: m/z = 475.1 [M+H]'. 'H NMR (300 MHz, DMSO-dd) 8 10.02 (s, 1

H), 8.79 (s, 1 H), 8.48-8.36 (m, 2 H), 8.3S-8.27 (m, 1 H), 8.08-8.00 (m, 1 H), 7.S9-7.50 (m, 1 H),

7.30 (s, 1 H), 4.99-4.87 (m, 1 H), 3.93-3.86 (m, 2 H), 3.8S (s, 3 H), 3.63-3.48 (m, 2 H), 2.98 (s, 3

H), 2.76 (s, 3 H), 2.10-1.98 (m, 2 H), 1.78-1.60 (m, 2 H).
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Example 33: 5-(6-[[4-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-(oxan-4-yloxy)benzonitrile

N

 o
N

Pd/ACO)a BINAP, Catece
dioxahe, 110 'C, 2 5 h

Method 28
H

The title compound was prepared from S-(6-chloropyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile

and 4-methoxy-5-(4-mcihylpipcrazin-1-yl)pyridin-2-aminc using Method 28. The final product

was purified by prep-HPLC under the following conditions: column, XBridgc Prep C18 OBD

Column, 150 x 19 mm, S um, mobile phase, acetonitrile in water (with 10 mmol/L NH&HCOB

and 0.1 '/o NH&.H 0), 2S ~/o io 4S ~/o gradient in 7 min; dctcctor, UV 2S4 nm. 5-(6-[[4-mcthoxy-

5-(4-mcihylpipcrazin-1-yl)pyridin-2-ylJaminoJpyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc was

obtained as light yellow solid (13 mg, 32 %). HPLC: 99.S % purity, RT = 3.96 min. MS: //I/z =

S02.2 [M+H]+. 'H NMR (300 MHz, DMSO-dd) 8 10.01 (s, 1 H), 8.73 (s, 1 H), 8.40-8.22 (m, 3

H). 7.81 (s, 1 H). 7.S8-7.48 (m, 1 H), 7.37 (s, 1 H). 4.98-4.86 (m, 1 H), 3.93-'3.87 (m. 2 H), 3.86

(s, 3 H), 3.63-'3.48 (m, 2 H), 3,02-2.95 (m, 4 H), 2.48-2.42 (m, 4 H), 2.22 (s, 3 H), 2.10-1.99 (m,

2 H), 1.78-1.60 (rn, 2 H).

Example 34: 5-(6-[[5-methoxy-6-(4-methylpiperazin-1-yl)pyridin-3-yl]amino]pyrimidin-4-

yl)-2-(oxan-4-yloxy)benzonitrile
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Pdz(dba)z CHClz, Xantphos,
Cs,coz, dioxane, 50 'C, 3 h

Method 37a

The title compound was prepared from S-(6-chloropyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile

and 5-methoxy-6-(4-mcthylpipcrazin-1-yl)pyridin-3-aminc using Method 37a. Thc final product

was purified by prep-HPLC under the following conditions: column, XBridgc Prep C18 OBD

Column, 150 x 19 mm, S um, mobile phase, acetonitrile in water (with 10 mmol/L NH&HCO3

and 0.1 %o NH3.H20), 30 % to 44 % gradient in 7 min; detector, UV 2S4 nm. S-(6-[[5-methoxy-

6-(4-mcthylpipcrazin-1-yl)pyridin-3-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc was

obtained as yellow solid (39 mg, 27 %). HPLC: 97.9 % purity, RT = 5.33 min. MS: nu'- = 502.2

[M+H]+. 'H NMR (300 MHrh DMSO-Ch) cS 9.57 (s, 1 H), 8.64 (s, 1 H), 8.39-8.22 (m, 2 H), 8.09-

8.02 (m, 1 H), 7.65-7.57 (m, 1 H), 7.56-7.46 (m, 1 H), 7.16 (s, 1 H), 4.97-4.8S (m, 1 H), 3.94-

3.80 (m, 2 H), 3.81 (s, 3 H), 3.62-'3.48 (m, 2 H). 3.27-3.19 (m, 4 H), 2.48-2.38 (m, 4 H), 2.21 (s,

3 H), 2.09-1.98 (m, 2 H), 1.77-1.59 (rn, 2 H).

Example 35: 5-(6-[[5-methoxy-6-(1-methylpiperidin-4-yl)pyridin-3-yl]amino]pyrimidin-4-

yl)-2-(oxan-4-yloxy)benzonitrile

O.

N

N

2 OMe
Pd(OAc)z, CszCOz, BINAP,

dioxane, 110 'C, 2 h

Method 28

N
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Thc title compound was prcparcd from 5-(6-chloropyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonitrilc

and 5-methoxy-6-(1-mcthylpiperidin-4-yl)pyridin-3-amine using Method 28. Thc final product

was puril ied by prep-HPLC under the following conditions: column, XBridge Prep C18 OBD

Column, 1SO x 19 mrn, 5 urn; mobile phase, acetonitrile in water (with 10 rnmol/L NH4HCO3

and 0.1 % NH&.H20), 25 % to 40% gradient in 7 min; dctcctor, UV 254 nm. 5-(6-[[S-mcthoxy-

6-(1-mcthylpiperidin-4-yl)pyridin-3-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile was

obtained as white solid (27 mg, 14 %o). HPLC: 98.8 % purity, RT = 2.63 min. MS: zzu'z = 501.5

[M+H]'. 'H NMR (400 MHz, DMSO-dd) 8 9.77 (s, 1 H), 8.71 (s, 1 H), 8.39-8.32 (m. 2 H), 8.32-

8.2S (m, 1 H), 7.84-7.78 (m, 1 H). 7.S6-7.49 (m, 1 H), 7.25 (s, 1 H), 4.98-4.87 (m, 1 H), 3.93-

3.82 (m, 2 H), 3.83 (s, 3 H), 3.61-3.50 (m, 2 H), 3.00-2.77 (m, 3 H), 2.19 (s, 3 H), 2.10-1.90 (m,

4 H), 1.86-1.59 (m, 6 H).

Example 36: 5-(6-[[4-methoxy-5-(1-methylpiperidin-4-yl)pyrldln-2-yl]amino]pyrimldln-4-

yl)-2-(oxan-4-yloxy)benzonitrile

Q.

N

N~

2 OMe
Pd(PPhz)e Cazcoz
dioxahe, 120 'C, 2 h

Method 34a

G.
N

Thc title compound was prcparcd from 5-(6-chloropyrimidin-4-yl)-2-(oxan-4-yloxy)bcnzonittilc

and 4-methoxy-5-(1-methylpiperidin-4-yl)pyridin-2-amine using Method 34a. The final product

was purified by prep-HPLC under the following conditions: column, XBridgc Prep C18 OBD

Column, 1SO x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L NH4HCO3

and 0.1 % NHuH20), 35 % to 47 % gradient in 7 min; dctcctor, UV 254 nm. 5-(6-[[4-rncthoxy-

S-(1-methylpiperidin-4-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile was

obtained as white solid (34 mg, 22 %a). HPLC: 99.3 % purity, RT = 2.42 min. MS: nVz = 501.S

[M+H]'. 'H NMR (400 MHz, Methanol-d4) 8 8.70 (s, 1 H), 8.33-8.23 (m. 2 H), 8.07-7.99 (m, 2
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H), 7.41-7.34 (m, 2 H), 4.9S-4.85 (m, 1 H), 4.05-3.9S (m, 2 H), 3.93 (s, 3 H), 3.72-3.61 (m, 2 H),

3.08-3.00 (m, 2 H), 2.88-2.77 (m, 1 H), 2.36 (s, 3 H), 2.27-2.06 (m, 4 H), 1.9S-1.78 (m, 6 H).

Example 37: 6-[(6-[3-cyano-4-[(1-methylazetidin-3-yl)oxy]phenyl]pyrimidin-4-yl)amino]-2-

methoxy-N,N-dimethylpyridine-3-carboxamide

F
N

0
HO N—

NaH, DMF, rt, 2 h

~N
N

Method E N OMe

Method E

6-[(6-[3-cyano-4-[(I-methylazetidin-3-yl)oxy]phenyl]pyrimidin-4-yl)amino]-2-methoxy-

N,N-dimethylpyridine-3-carboxamide: To a solution ol'-methylazetidin-3-ol (19 mg, 0.22

mmol) in N,N-dimethylfonrtamide (6 mL) was added sodium hydride (11 mg, 0.44 mmol) at 0

"C. The result.ing mixture was stirred for 30 min, and then was added to 6-[[6-(3-cyano-4-

fluorophenyl)pyrimidin-4-yl] aminoJ-2-methoxy-N,N-dimcthylpyridine-3-carboxamide (29 mg,

0.07 mmol) at 0 'C. The reaction mixture was stirred for 2 h at room temperature. When the

reaction was done, it was quenched by ice water (5 mL) and the resulting mixture was extracted

with ethyl acctatc (20 mL x 3). Thc organic phases werc combined, washed with brine and dried

over Na1SOM Thc solvent was rcrnovcd under rcduccd prcssure and the residue was purified by

prep-HPLC under the following conditions: column, XBridge Prep C18 OBDColumn, 1SO x 19

mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L NHeHCO; and 0.1% NHs.H20),

30% to 42% gradient in 10 min; detector, UV 2S4 nm. 6-[(6-[3-cyano-4-[(1-methylazetidin-3-

yl)oxyJphcnylJpyrimidin-4-yl)aminoJ-2-methoxy-N,N-dimcthylpyridinc-3-carboxamidc was

obtained as yellow solid (26 mg, 76%). HPLC: 99.6% purity, RT = 2.36 min. MS: nt/z = 460.3

[M+H]'. 'H NMR (300 MHz, DMSO-d6) 8 10.39 (s, 1 H), 8.81 (s, 1 H), 8.44-8.36 (m, 2 H),

8,34-8.23 (m, 1 H), 7.68-7.S9 (m, 1 H), 7.28-7.1S (m, 2 H), S.08-4.94 (m, 1 H), 4.01 (s, 3 H),

3.84-3.72 (m, 2 H), 3.13-3.02 (m, 2 H), 2.97 (s, 3 H), 2.84 (s, 3 H), 2.31 (s, 3 H).
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Example 38: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-[(1-methylazetidin-3-yl)oxy]benzonitrile

F
N

HO~N
NaH, DMF, rt, 2 h

Method E

~N
0

N

N N OMe
H

Thc title compound was prcparcd from 1-mcthylazctidin-3-ol and 2-fluoro-5-(6-[[6-methoxy-5-

(4-mcthylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile using Method E. Thc

final product was purified by prep-HPLC under the following conditions: column, XBridgc

Shield RP18 OBD Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10

mmol/L NH4HCOs and 0.1 % NHt.H20), 25 % to 55 % gradient in 7 min; dctcctor, UV 254 nm.

5-(6-[ [6-methoxy-5-(4-mcthylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-[(1-

methylazetidin-3-yl)oxy]bcnzonitrilc was obtained as yellow solid (25 mg, 25 %o). HPLC: 99.0

% purity, RT = 3.64 min. MS: rrt/2 = 487.1 [M+H]+. 'H NMR (400 MHz, DMSO-ds) 8 9.95 (s, 1

H). 8.71 (s, 1 H). 8.38-8.33 (m, 1 H), 8.29-8.22 (m, 1 H), 8.17 (br s, 1 H), 7.31-7.24 (m. 1 H),

7.22-7.15 (m, 2 H), 5.06-4.96 (m, 1 H), 3.98 (s, 3 H), 3.83-3.74 (m, 2 H), 3.13-3.04 (m, 2 H),

2.98-2.93 (m, 4 H), 2.48-2.43 (m, 4 H), 2.32 (s, 3 H), 2.23 (s, 3 H).

Example 39: 6-[(6-[3-cyano-4-[(1-methylpyrrolidin-3-yl)oxy]phenyl]pyrimidin-4-yl)amino]-

2-methoxy-N,N-dimethylpyridine-3-carboxamide

F
N

HO

QN—

NaH, DMF, rt, 2 h

N N OMe
H Method E

N N OMe
H

The title compound was prepared from 1-meihylpynolidin-3-ol and 6-[[6-(3-cyano-4-

fluorophcnyl)pyrimidin-4-yl] amino]-2-methoxy-N,N-dimcthylpyridinc-3-carboxamidc using
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Method E. Thc final product was puril'icd by prep-HPLC under thc following conditions:

column, XB)idge Prep C18 OBDColumn, 150 x 19 mm, 5 um, mobile phase, acetonitrile in

water (with 10 mmol/L NHqHCO3 and 0.1 ~/o NHB.H20), 32 ~/o to 34 ~/o gradient in 7 min;

dctcctor. UV 2S4 nin. 6-[(6-l3-cyano-4-[(1-mcthylpyrrolidin-3-yl)oxyJphcnyl]pyrimidin-4-

yl)ainino]-2-methoxy-N,N-diincthylpyridine-3-carboxainide was obtained as yellow solid (25

mg, 35 %). HPLC: 93.5 c/o purity, RT = 2.39 min. MS: /0/2 = 474.2 [M+HJ'. ' NMR (300 MHz,

DMSO-Ch) 8 10.38 (s, 1 H), 8.81 (s, 1 H), 8.45-8.25 (m, 3 H), 7.68-7.59 (m, 1 H), 7.41-7.32 (m,

1 H), 7.29-7.19 (m, 1 H), 5.1S-S.08 (m, 1 H), 4.02 (s, 3 H), 2.97 (s, 3 H), 2.84 (s, 3 H), 2.82-2.77

(m, 1 H), 2.77-2.68 (m, 2 H), 2.43-2.31 (m, 2 H). 2.29 (s, 3 H). 1.93-1.75 (m, 1 H).

Example 40: 5-(6-[[5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-[(1-

methylpyrrolidin-3-yl)oxy]benzonitrile

N ~N

CI~CI
Pd(dppoCI,CH,CI,, Ca,CO,,

MeCN, Hao, 120 'C, 1.5 h

Method 54
CI

HaN S/ X N N

Pd(OAc)a BINAP, Catcoa
dioxaoe, 120 'C, 3 h

Method 28

XY'
N

H

N~OH

NaH. DMF, ri, 2 h

+N
0

N

Method E
N N
H

Method 54

5-(6-chloropyrimidin-4-yl)-2-fluorobenzonitrile: To a solution of 2-fluoro-5-(tctramcthyl-

1,3,2-dioxaborolan-2-yl)benzonitrile (1.90 g, 7.69 mmol) in MeCN (60 mL) was added 4,6-

dichloropyrimidine (2.28 g, 1S.30 mmol), Pd(dppf)C12.CH Cls (313 mg, 0.38 mmol), CS CO1

solution (4.94 g in 20 mL water, 1S.16 mmol) a(. room tempera(.ure. The resulting mixture was

stirred for 1.5 h at 120 "C. When the reaction was done, thc reaction mixture was concentrated

under reduced pressure and the residue was purified by flash chromatography eluting with
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EtOAc in hexane (0 % to SO % gradient) to yield 5-(6-chloropyrimidin-4-yl)-2-fluorobcnzonitrilc

as off-white solid (1.1S g, 64 %). MS: //t/z = 234.0 [M+H]'.

5-(6-[[5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-[(1-

methylpyrrolidin-3-yl)oxy]henzonitrile: The title compound was prepared from S-(6-

chloropyrimidin-4-yl)-2-fluorobenzonitrile, 5-(4-methylpiperazin-1-yl)pyridin-2-amine and 1-

meihylpyrrolidin-3-ol using Method 28 and E. The final product was puril'ied by prep-HPLC

under thc following conditions: column, XBridgc Prep C18 OBD Column. 150 x 19 mm, 5 um;

mobile phase, acetonitrile in water (with 10 mmol/L NHqHCOs and 0.1 % NH1.H20), 25 % to 41

% gradient in 7 min; detector, UV 254 nm. 5-(6-[[S-(4-methylpiperazin-1-yl)pyridin-2-

yl]amino]pyrimidin-4-yl)-2-[(1-meihylpyrrolidin-3-yl)oxy]benzoniirile was obtained as yellow

solid (23 mg, 6.7 % for 2 steps). HPLC: 97.3 % purity. RT = 0.77 min. MS: /tt/z = 471.2 [M+HJ'.

'H NMR (300 MHz, DMSO-dq) 6 10.02 (s, 1 H), 8.70 (s, 1 H), 8.34-8.20 (m, 2 H), 8.08-7.97 (m,

2 H), 7.72-7.62 (m, 1 H), 7.51-7.40 (m, 1 H), 7.39-7.29 (m, 1 H), 5.16-S.07 (m, 1 H), 3.18-3.08

(m, 4 H), 2.87-2.6S (m, 3 H), 2.S1-2.39 (m, 4 H), 2.44-2.31 (m, 2 H), 2.28 (s, 3 H), 2.22 (s, 3 H),

1.92-1.75 (m, 1 H).

Example 41: 6-[(6-[3-cyano-4-[(1-methylpiperidin-4-yl)oxy]phenyl]pyrimidin-4-yl)amino]-

2-methoxy-N,N-dimethylpyridine-3-carboxamide

F
N

HO~N—

NeH, DMF, rt, 12 h

N

N OMe Method E
N N OMe
H

The litle compound was prepared from 1-meihylpiperidin-4-ol and 6-[[6-(3-cyano-4-

fluorophcnyl)pyrimidin-4-ylJ aminoJ-2-methoxy-N,N-dimcthylpyridinc-3-carboxamidc using

Method E. The final product was purified by prep-HPLC under the following conditions:

column, XBridgc Prep C18 OBDColumn, 1SO x 19 mm, S um; mobile phase, acetonitrile in

water (with 10 mmol/L NHeHCOs and 0.1 % NHs.H20), 30 % io 43 % gradieni in 7 min;

dctcctor, UV 254 nm. 6-[(6-[3-cyano-4-[(1-mcthylpipcridin-4-yl)oxyJphcnylJpyrimidin-4-
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yl)amino]-2-methoxy-N,N-dimcthylpyridine-3-carboxamidc was obtained as off-white solid (24

mg, 25 %). HPLC: 99.5 % purity, RT = 2.49 min. MS: /tt/z= 488.4 [M+HJ'.'H NMR (300 MHz,

DMSOidh) 8 10.39 (s, 1 H), 8.81 (s, 1 H), 8.42 (s, 1 H), 8.40-8.24 (m, 2 H), 7.68-7.59 (m, 1 H),

7.55-7.45 (m, 1 H), 7.28-7.18 (m, 1 H), 4.78-4.69 (m. 1 H). 4.02 (s, 3 H). 2.97 (s. 3 H), 2.84 (s. 3

H). 2.65-2.55 (m, 2 H), 2.35-2.22 (rn, 2 H), 2.19 (s, 3 H), 2.04-1.88 (m, 2 H). 1.83-1.67 (m, 2 H).

Example 42: 6-[[6-(3-cyano-4-[[1-(2-hydroxyacetyl)piperidin-4-yl]oxy]phenyl)pyrimidin-4-

yl]amino]-2-methoxy-N,N-dimethylpyridine-3-carboxamide

QN
CN

NHt

0

NMes

Cl N 0 Me

Pdt(dba)sCHCIs Xantphos,
Csscos droxane, 100 'C

12 h

Method 37a

0

PN 
N

N N 0
H

HC I

droxane n, 2 h

Method 17a

QNH
N

N N 0
H

DIEA, NATU
DMF rt, 12h

Method A

0

N N 0
H

The title compound was prepared 1'rom tert-butyl 4-(4-(6-atrtinopyrimidin-4-yl)-2-

cyanophcnoxy)pipcridine-1-carboxylate. 6-chloro-2-methoxy-N.N-dimethylnicotinamidc and 2-

hydroxyacctic acid using Method 37a, 17a and A. The final product. was purified by prep-HPLC

under the following conditions: column, XBtidgc Prep C18 OBD Column, 150 x 19 mm, 5 um;

mobile phase, acetonitrile in water (with 10 mmol/L NHAHCOs and 0.1 % NHs.H20), 22 % to 34

%d gradient in 10 min; dctcctor, UV 254 nm. 6-[[6-(3-cyano-4-[[1-(2-hydroxyacetyl)piperidin-4-

ylJoxyJphcnyl)pyrimidin-4-yl]aminoJ-2-methoxy-N,N-dimcthylpyridine-3-carboxamide was

obtained as off-white solid (24 mg, 16 % for 3 steps). HPLC: 99.3 % purity, RT = 4.56 min. MS:

/tt/z = 532.2 [M+H]+. 'H NMR (300 MHz, DMSO-dd) 8 10.36 (s, 1 H), 8.78 (s, 1 H), 8.43-8.31

(m, 2 H), 8.33-8.23 (m, 1 H), 7.65-7.47 (m, 2 H)r 7.24-7.14 (m, 1 H), 5.00-4.92 (m, 1 H), 4.57-

4.47 (m, 1 H), 4.09 (d, J = 5.4 Hz, 2 H), 3.99 (s, 3 H), 3.80-3.29 (m, 4 H)r 2.93 (s, 3 H)r 2.80 (s,

3 H), 1.99-1.92 (m, 2 H), 1.70-1.63 (rn, 2 H).
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Example 43: 6-([6-[3-cyano-4-([1-[(1,3-oxazol-5-yl)carbonyl]piperidin-4-yl]oxy)phenyl]

pyrimidin-4-yl]amino)-2-methoxy-N,N-dimethylpyridine-3-carboxamide

+NH
N

N N 0
H

(t~/0H

HATU, DIEA
DMF, rt,2h

Method A

0

&3

Thc title compound was prepared from 6-([6-[3-cyano-4-(pipcridin-4-yloxy)phenyl]pyrimidin-4-

yl]amino)-2-methoxy-N,N-dimethylpyridine-3-carhoxamide and 1,3-oxazole-S-carboxylic acid

using Method A. Thc final product was purified by prep-HPLC under thc following conditions:

column, XBtidgc Prep C18 OBD Column, 150 x 19 mm, S um, mobile phase, acetonitrile in

water (with 10 mmol/L NHqHCOs and 0.1 % NH;.H20), 20 % to 44 % gradient in 7 min;

detector, L/V 254 nm. 6-([6-[3-cyano-4-([l-[(1,3-oxazol-S-yl)carhonyl]piperidin-4-

ylJoxy)phcnylJpyrimidin-4-yl]amino)-2-methoxy-N,N-dimcthylpyridine-3-carhoxamidc was

obtained as off-white solid (26 mg, 23 %). HPLC: 99.3 % purity, RT = 4.97 min. MS: nt/2 =

S69.2 [M+H]+. 'H NMR (300 MHz, DMSO-dh) 8 10.40 (s, 1 H), 8.82 (s, 1 H), 8.56 (s, 1 H),

8.47-8.36 (m, 2 H), 8.38-8.28 (m, 1 H), 7.75 (s, 1 H), 7.69-7.53 (m, 2 H), 7.27-7.18 (m, 1 H),

5.09-S.02 (m, 1 H), 4.02 (s, 3 H), '3.97-3.SS (m, 4 H), 2.97 (s, 3 H), 2.84 (s, 3 H), 2.15-1.99 (m. 2

H), 1.90-1.68 (m, 2 H).

Example 44: 6-([6-[3-cyano-4-([1-[(1,3-oxazol-4-yl)carbonyl]piperidin-4-yl]oxy)phenyl]

pyrimidin-4-yl]amino)-2-methoxy-N,N-dimethylpyridine-3-carboxamide

 NH
N

0

(g l
N

N

DIEA, HATU,
DMF, rt,2h

N N 0
H Method A N N 0

H
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Thc title compound was prcparcd 1'rom 6-([6-[3-cyano-4-(piperidin-4-yloxy)phcnylJpyrimidin-4-

ylJamino)-2-methoxy-N,N-dimethylpyridinc-3-carboxamidc and 1,3-oxazole-4-carboxylic acid

using Method A. The final product was purified by prep-HPLC under ihe 1'ollowing conditions:

column, XB&idge Prep C18 OBD Column. 150 x 19 mm, 5 um; mobile phase, acetonitrile in

water (with 10 m&nol/L NH&HCO& and 0.1 '/o NH&.H&O), 20 '/o to 44 '/o gradient in 10 min;

detector, UV 254 nm. 6-([6-[3-cyano-4-([1-[(1,3-oxazol-4-yl)carbonyl]piperidin-4-

yl]oxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N,N-dimeihylpyridine-3-carboxamide was

obtained as off-white solid (29 mg. 26 %). HPLC: 98.2 % purity, RT = S.07 min. MS: m/2 =

569.2 [M+HJ'. 'H NMR (300 MHz, DMSO-t/0) 8 10.40 (s, 1 H), 8.81 (s, 1 H), 8.60 (s, 1 H), 8.52

(s, 1 H), 8.47-8.36 (m, 2 H), 8.38-8.27 (m, 1 H), 7.69-7.52 (m, 2 H), 7.27-7.18 (m, 1 H), 5.07-

S.01 (m, 1 H), 4.20-3.42 (m, 7 H), 2.97 (s, 3 H), 2.84 (s, 3 H), 2.09-2.02 (m, 2 H), 1.81-1.74 (m,

2 H).

Example 45: 6-([6-[3-cyano-4-([1-[(5-methyl-1H-1,2,4-triazol-3-yl)carbonyl]piperidin-4-

yl]oxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N,N-dimethylpyridine-3-carboxamide

HO

N —NH

0

PN

N N 0
H

HATU, DIEA,
DMF, rt, 2 h

Method A N

Thc title compound was prcparcd from 6-([6-[3-cyano-4-(pipcridin-4-yloxy)phcnylJpyrimidin-4-

yl]amino)-2-methoxy-N,N-dimethylpyridine-3-carboxamide and 5-methyl-lH-1,2,4-triazole-3-

carboxylic acid using Method A. Thc final product. was purified by prep-HPLC under thc

following conditions: column. XBridge Prep C18 OBD Column, 150 x 19 mm, S um; mobile

phase, acctonitrilc in water (with 10 mmol/L NH&HCO& and 0.1 % NH&.H&O), 20 % to 3S %

gradient in 7 min; detector, UV 2S4 nm. 6-([6-[3-cyano-4-([1-[(S-methyl-lH-1,2,4-triazol-3-

yl)carbonyl Jpipcridin-4-ylJoxy)phenyl Jpyrimidin-4-ylJamino)-2-methoxy-N,N-

dimcihylpyridine-3-carboxamide was obtained as white solid (30 mg, 2S %o), HPLC: 99.3 %

purity, RT = 4.48 min. MS: m/z = 583.3 [M+HJ'. 'H NMR (300 MHz, DMSO-Ch) 8 14.04 (br s, 1
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H), 10.40 (s, 1 H), 8.81 (s, 1 H), 8.49-8.2S (m, 3 H), 7.68-7.51 (m, 2 H), 7.27-7.18 (m, 1 H),

5.07-S.01 (m, 1 H), 4.02 (s, 3 H), 3.97-3.5S (m, 4 H), 2.97 (s, 3 H), 2.84 (s, 3 H), 2.37 (s, 3 H),

2.08-2.01 (m, 2 H), 1.81-1.71 (m, 2 H).

Example 46: 6-[[6-(3-cyano-4-[[(3R,4S)-3-fluoropiperidin-4-yl]oxy]phenyl)pyrimidin-4-

yl]amino]-2-methoxy-N,N-dimethylpyridine-3-carboxamide

F
N

HO QN—Boc

NaH, DMF,
rt, 2 h

Method E

F;, .Boc

0'

HCI

droxane, rt, 2 h

Method tra

'G-
N

Thc title compound was prcparcd from tert-butyl (3R,4S)-3-fluoro-4-hydroxypipcridinc-l-

carboxylatc and 6-[[6-(3-cyano-4-fluorophcny))pyrimidin-4-yl]aminoJ-2-methoxy-N.N-

diincthylpyridine-3-carboxainide using Method K and 17a. The final product was purified by

prep-HPLC under the following conditions: column, XBridge Prep C18 OBD Column, 1SO x 19

mm, S um; mobile phase, acetonitrile in water (with 10 mmol/L NH&HCOs and 0.1 %o NHs,H 0),

20 % to 42 % gradient in 7 min; dctcctor, UV 2S4 nm. 6-[[6-(3-cyano-4-[[(3R,4S)-3-

fluoropipciidin-4-ylJoxyJphcnyl)pyriinidin-4-yl]aminoJ-2-methoxy-N,N-diincthylpyridine-3-

carboxamide was obtained as white solid (32 mg, 34 % for 2 steps). HPLC: 99.1 % purity, RT =

3.00 min. MS; mfz = 492.2 [M+HJ+. 'H NMR (300 MHx, DMSO-dd) 8 10.40 (s, 1 H), 8.81 (s, 1

H). 8.49-8.24 (m, 3 H), 7.70-7. SO (m, 2 H), 7.29-7.14 (m, 1 H). S.10-4.96 (m, 1 H), 4.94-4.66 (m.

1 H), 4.02 (s, 3 H), 3.20-3.05 (in, 1 H), 2.97 (s, 3 H), 2.89-2.56 (m, 6 H), 2.02-1.74 (m, 2 H).

Example 47: 6-[[6-(3-cyano-4-[[(3R,4S)-3-fluoro-l-(2-hydroxyacetyl)piperidin-4-

yl]oxy]phenyl)pyrimidin-4-yl]amino]-2-methoxy-N,N-dimethylpyridine-3-carboxamide
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.G'

0

0

P'OH
OH

NATU DIEA,
DMF, rt, 2h

Method A

0
o

N

0

N N OMe
H

Thc title compound was prcparcd from 6-[[6-(3-cyano-4-[[(3R.4S)-3-ftuoropipcridin-4-

ylJoxyJphcnyl)pyrimidin-4-yl]aminoJ-2-methoxy-N,N-dimcthylpyridine-3-carboxamide and 2-

hydroxyacetic acid using Method A. The 1'inal product was puril'ied by prep-HPLC under the

1'ollowing conditions: column, XBridge Prep C18 OBD Column, 150 x 19 mm, 5 um; mobile

phase, acctonitrile in water (with 10 mmol/L NHAHCOs and 0.1 % NH r.H20), 22 % to 33 %

gradient in 7 min; detector, UV 254 nm. 6-[[6-(3-cyano-4-[[(3R,4S)-3-fluoro-l-(2-

hydroxyacetyl)piperidin-4-yl]oxy]phenyl)pyrimidin-4-yl]amino]-2-methoxy-N,N-

dimethylpyridine-3-carboxamide was obtained as oil'-white solid (29 mg, 57 %). HPLC: 92.9 %o

purity, RT = 3.12 min. MS: I/2 = 550.2 [M+H]'. 'H NMR (300 MHz, DMSO-de) 8 10.41 (s, 1

H), 8.82 (s, 1 H), 8.53-8.24 (m, 3 H), 7.74-7.55 (rn, 2 H), 7.31-7.16 (m, 1 H), 5.22-4.89 (m, 2 H),

4.69 (br s, 1 H), 4.45-3.86 (m, 7 H), 3.78-3.08 (m, 2 H), 3.32 (s, 3 H), 2.97 (s, 3 H), 2.84 (s, 3 H),

2.03-1.70 (m, 2 H).

Example 48: 6-[(6-[3-cyano-4-[(3,3-diflnoro-l-methylpiperidin-4-yl)oxy]phenyl]pyrimidin-

4-yl)amino]-2-methoxy-N,N-dimethylpyridine-3-carboxamide
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0

NMet
N

Cl N O Me

Pd(OAc)7 CarCON BINAP

droxane, 110 'C 5 h

Method 28

F
N

N N OMe
H

F

H0~N—
B dc

NaH DMF, rt 2h

Method E

N

formalin
N

HCOOH, 140 C, 1 h

Method 14
N N OMe
H

The title compound was prepared 1'rom S-(6-aminopyrimidin-4-yl)-2-fluorobenxoniirile, 6-

chloro-2-methoxy-N,N-dimeihylnicoiinamide, tert-butyl 3,3-difluoro-4-hydroxypiperidine-l-

carboxylaic. and formalin using Method 28, E and 14. Thc final product was purified by prep-

HPLC under thc following conditions: column, XBridge Prep C18 OBD Column, 150 x 19 mm,

S um; mobile phase, acetonitrile in water (with 10 mmol/L NH4HCO; and 0.1 % NHT.HBO), 30

%o to 49 %o gradient in 7 min; dcicctor, UV 254 nm. 6-[(6-[3-cyano-4-[(3,3-difluoro-)-

methylpiperidin-4-yl)oxy]phenyl]pyrimidin-4-yl)amino]-2-methoxy-N,N-dimcihylpyridine-3-

carboxamidc was obtained as off-white solid (17 mg, 10 % for 3 steps). HPLC: 98.4 % purity,

RT = 2.60 min. MS: m/- = 524.5 [M+H]'. 'H NMR (300 MHE, DMSO-dd) 8 10.42 (s, 1 H), 8.82

(s, 1 H), 8.48-8.37 (m, 2 H), 8.40-8.28 (m, 1 H), 7.69-7.S9 (m, 2 H), 7.26-7.17 (m, 1 H). 5.26-

4.99 (m, 1 H), 4.02 (s, 3 H), 2.97 (s, 3 H), 2.96-2.86 (m. 1 H), 2.84 (s. 3 H), 2.81-2.64 (m, 3 H),

2.28 (s, 3 H), 2.16-1.84 (m, 2 H).

Example 49: 6-[[6-(3-cyano-4-[[3,3-ditluoro-l-(2-hydroxyacetyl)piperidin-4-yl]oxy]phenyl)

pyrimidin-4-yl]amino]-2-methoxy-N,N-dimethylpyridine-3-carboxamide

N+F
N

H0 I

dioxane, n, 12 h

F

HN+F
0

N

0

/OH
OH

HATLI, DIEA,
DMF I12h

0

N+5
N

N N OMe
H

Method 17a Method A ~ OMe
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Thc title compound was prcparcd 1'rom tert-butyl 4-[2-cyano-4-(6-[[5-(dimcthylcarbamoyl)-6-

methoxypyridin-2-ylJamino]pyrimidin-4-yl)phcnoxyJ-3,3-difluoropiperidinc-l-carboxylate and

2-hydroxyacetic acid using Method 17a and A. The final product was purified by prep-HPLC

under thc following conditions: column, XB&idge Prep C18 OBD Column. 150 x 19 mm, 5 um;

mobile phase, acctonitrilc in water (with 10 mmol/L NH&HCO& and 0.1 % NH&.HBO), 25 % to 35

%0 gradient in 10 min; detector, UV 254 nm. 6-[[6-(3-cyano-4-[[3,3-difluoro-l-(2-

hydroxyacetyl)piperidin-4-yl]oxy]phenyl)pyrimidin-4-yl]amino]-2-methoxy-N,N-

dimcthylpyridinc-3-carboxamidc was obtained as off-white solid (13 mg, 16 % for 2 steps).

HPLC: 99.1% purity, RT = 3.28 min. MS: n&/2 = 568.2 [M+HJ'. 'H NMR (300 MHz, DMSO-dd)

05 10.43 (s, 1 H), 8.83 (s, 1 H), 8.55-8.31 (m, 3 H), 7.71-7.59 (m, 2 H), 7.26-7.17 (m, 1 H), 5.42-

5.29 (m, 1 H), 4.93-4.84 (m, 1 H), 4.24-3.76 (m, 7 H), 3.70-3.39 (m, 2 H), 2.97 (», 3 H), 2.84 (»,

3 H), 2.25-1.76 (m, 2 H).

Example 50: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-(piperidin-4-yloxy)benzonitrile

.B,
0 0

1 (I
N~N

Pd(PCYa)toit Natcoa
dioxane. Hto. 100 'C

15 h

Method 5

HN 
N

CN

NHt

Pdt(dha)a Xantphoa
CatCON OMF, 100 'C,

dh

Met
hod

37a

N N OMe
H

HCI

dIoxane nt, 2 h

Method 17a N N OMe
H

Thc title compound was prepared from tert-butyl 4-(2-cyano-4-(4,4,5,5-tetra&ncthy1-1,3,2-

dioxaborolan-2-yl)phenoxy)piperidine-l-carboxylate, 6-chloropyrimidin-4-amine, and 1-(6-

bromo-2-mc&hoxypyridin-3-yl)-4-mc&hylpiperazine using Mc&hod S, 37a and 17a. The final

product was purified by prep-HPLC under thc following conditions: column, XBridgc Prep C18

OBD Column, 150 x 19 mm, 5 u&n; mobile phase, acetonitrile in water (with 10 &nmol/L
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NH4HCOs and 0.1 % NHeH20), 22 '/o to 42 '/o gradient in 7 min; detector, UV 254 nm. S-(6-[[6-

methoxy-5-(4-mcthylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(piperidin-4-

yloxy)benzoniirile was obtained as yellow solid (27 mg, 6.5 %o 1'or 3 steps). HPLC: 99.S %o

purity, RT = 2.60 min. MS: I/z = 501.3 [M+H]'. 'H NMR (300 MHz, DMSO-ds) 8 9.9S (s, 1 H),

8.71 (s. 1 H), 8.36-8.21 (rn, 2 H), 8.18 (s, 1 H), 7.53-7.43 (m, 1 H), 7.32-7.23 (m. 1 H), 7.22-7.13

(m, 1 H), 4. 81-4.69 (m, 1 H), 3.98 (s, 3 H), 2.98-2.91 (m, 6 H), 2.67-2.53 (m, 3 H), 2.48-2.42 (m,

4 H), 2.22 (s, 3 H), 2.00-1.89 (m, 2 H), 1.64-1.47 (m, 2 H).

Example 51: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-[(1-methylpiperidin-4-yl)oxy]benzonitrile

Boo—N~ Cg
/ i QMe

N

formalin

HCOOH, 140 C, 1 5 h

N

f N

NH

N Method 14 N N OMe
H

Method 14

To a solution of tert-butyl 4-[2-cyano-4-(6-[[6-methoxy-5-(4-meihylpiperazin-1-yl)pyridin-2-

yl]amino]pyrimidin-4-yl)phenoxy]piperidine-1-carboxylate (76 mg, 0.13 mmol) in HCOOH (10

mL) was added formalin (6 mL. 164 mmol) ai. room temperature. The resulting mixture was

stirred for 1.5 h at 140 "C. When the reaction was done, thc solution was concentrated under

reduced pressure and the residue was purified by prep-HPLC under the following conditions:

column, XBridge Prep C18 OBD Column, 1SO x 19 mm, S um, mobile phase, acetonitrile in

water (with 10 mmol/L NH4HCOs and 0.1 %o NHs,H00), S % to S3 % gradient in 10 min;

dctcctor, UV 254 nm. 5-(6-[[6-methoxy-5-(4-mcthylpipcrazin-1-yl)pytidin-2-

yl]amino]pyrimidin-4-yl)-2-[(1-methylpiperidin-4-yl)oxy]benzonitrile was obtained as yellow

solid (20 mg, 31 %). HPLC: 99.4 % purity, RT = 2.64 min. MS: rrt/5 = S15.2 [M+H]'. 'H NMR

(300 MHz, DMSO-de) 8 9.95 (s, 1 H), 8.71 (s, 1 H), 8.3S-8.14 (m, 3 H), 7.S3-7.43 (m, 1 H),

7.32-7.23 (m, 1 H), 7.22-7.13 (m, 1 H), 4.77-4.68 (m, 1 H), 3.98 (s, 3 H), 2.98-2.92 (m, 4 H),
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2.61-2.51 (m, 2 H), 2.48-2.42 (m, 4 H), 2.34-2.24 (m, 2 H), 2.22 (s, 3 H), 2.19 (s, 3 H), 2.04-1.90

(m, 2 H), 1.80-1.67 (m, 2 H).

Example 52: 2-[[1-(2-hydroxyacetyl)piperidin-4-yl]oxy]-5-(6-[[6-methoxy-5-(4-

methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile

N

HN~O

NH

N

HO OH

DIEA, HATU, DMF, rt, 2 h

Method A

N

.XX.

The title compound was prepared from 2-hydroxyacetic acid and 5-(6-[[6-methoxy-5-(4-

mcthylpipcrazin-1-yl)pyridin-2-ylJamino]pyrimidin-4-yl)-2-(pipcridin-4-yloxy)benzonitrile

using Method A. The final product was putificd by prep-HPLC under the following conditions:

column, XBridge Prep C18 OBD Column, 1SO x 19 mm, S um, mobile phase, acetonitrile in

water (with 10 mmol/L NHAHCO; and 0.1 %o NHT.H20), 30 %o to 42 %o gradient in 7 min;

dctcclor. UV 2S4 nm. 2-[[1-(2-hydroxyacclyl)piperidin-4-ylJoxyJ-S-(6-[[6-mclhoxy-S-(4-

methylpiperazin-1-yl)pyridin-2-ylJamino]pyrimidin-4-yl)benzonitrile was obtained as yellow

solid (25 mg, 1S %). HPLC; 99.4 % purity, RT = 1.16 min. MS: //I/z = SS9.4 [M+H]'. 'H NMR

(300 MHz, DMSO-Ch) 8 9.97 (s, 1 H), 8.72 (s, 1 H), 8.39-8.24 (m. 2 H), 8.20 (br s. 1 H), 7.S9-

7.49 (m, 1 H), 7.32-7.23 (m, 1 H). 7.22-7,13 (m, 1 H), 5.02-4.93 (m, 1 H), 4.61-4.S1 (m, 1 H).

4.13 (d, J = 5.4 Hz, 2 H), 3.98 (s, 3 H), 3.77-3.40 (m, 4 H), 2.98-2.92 (m, 4 H), 2.48-2.42 (rn, 4

H), 2.22 (s, 3 H), 2.02-1.96 (m, 2 H), 1.74-1.67 (m, 2 H).

Example 53: 2-[[1-(2-hydroxypropanoyl)piperidin-4-yl]oxy]-5-(6-[[6-methoxy-5-(4-

methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile
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cj
p« . DIEA, HATU, DMF, rt, 2 h

NH

Method A

HN~D
HO OH

The title compound was prepared from 2-hydroxypropanoic acid and 5-(6-[[6-methoxy-5-(4-

methylpiperazin-1-yl)pyridin-2-ylJamino]pyrimidin-4-yl)-2-(piperidin-4-yloxy)bcnzonitrilc

using Method A. The final product was purified by prep-HPLC under ihe 1'ollowing conditions:

column, XBridgc Prep C18 OBD Column. 150 x 19 mm, S um; mobile phase, acetonitrile in

water (with 10 mmol/L NHAHCOT and 0.1 % NHD.H20), 2S % to 42 % gradient in 7 min;

detector, L/V 254 nm. 2-[[1-(2-hydroxypropanoyl)piperidin-4-yl]oxy]-S-(6-[[6-methoxy-S-(4-

meihylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzoniirile was obtained as yellow

solid (28 mg, 17 %). HPLC: 98.6 % purity, RT = 1.18 min. MS: I/z = S73.4 [M+H]'. 'H NMR

(300 MHz, DMSO-Ch) 8 9.97 (s, 1 H), 8.72 (s, 1 H), 8.39-8.24 (m, 2 H), 8.20 (s, 1 H), 7.59-7.49

(m, 1 H), 7.33-7.23 (m, 1 H), 7.22-7.13 (m, 1 H), 4.98-4.90 (m, 2 H), 4.54-4.39 (m, 1 H), 3.98 (s,

3 H), 3.81-3.75 (m, 2 H), 3.S5-3.48 (m, 2 H), 2.98-2.92 (m, 4 H), 2.48-2.42 (m, 4 H), 2.22 (s, 3

H). 2.11-1.85 (m, 2 H), 1.83-1.S6 (m, 2 H), 1.20 (d, J = 6.5 Hz. 3 H).

Example 54: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-([1-[(1,3-oxazo1-4-yl)carbonyl]piperidin-4-yl]oxy)benzonitrile

HN~O

0

ill 'Q
N

NH

DIEA, HATU,
DMF rt 12h

Method A

The i.iile compound was prepared from S-(6-[[6-methoxy-S-(4-methylpiperazin-1-yl)pyridin-2-

ylJaminoJpyrimidin-4-yl)-2-(pipcridin-4-yloxy)bcnzonitrilc and 1,3-oxazolc-4-carboxylic acid

using Method A. The final product was purified by prep-HPLC under the following conditions:
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column, XBridgc Prep C18 OBDColumn, 1SO x 19 mm, S um; mobile phase, acetonitrile in

water (with 10 mmol/L NHAHCO1 and 0.1 % NHtuH20), 30 % to 40 % gradient in 7 min;

detector, UV 254 nm. S-(6-[[6-methoxy-S-(4-methylpiperazin-1-yl)pyridin-2-

yl]amino]pyrimidin-4-y))-2-([1-[(L3-oxazol-4-yl)carbonyl]pipcridin-4-yl]oxy)bcnzonitrilc was

obtained as yellow solid (27 mg, 16%). HPLC: 98.8 % purity, RT = 1.23 min. MS: /tt/2 = 596.4

[M+H]'. 'H NMR (300 MHz, DMSO-dq) 8 9.97 (s, 1 H), 8.72 (s, 1 H), 8.63-8.56 (m, 1 H), 8.S5-

8.48 (m, 1 H), 8.39-8.24 (m, 2 H), 8.20 (s, 1 H), 7.60-7.Sl (m, 1 H), 7.33-7.23 (m, 1 H), 7.22-

7.13 (m, 1 H), S.07-5.00 (m, 1 H). 4.16-3.82 (m, 8 H), 3.66-3.S9 (m, 1 H), 2.98-2.92 (m, 4 H).

2.48-2.40 (m, 4 H), 2.22 (s, 3 H), 2.16-1.99 (m, 2 H), 1.90-1.66 (m, 2 H).

Example 55: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-([1-[(5-methyl-1H-1,2,4-triazol-3-yl)carhonyl]piperidin-4-yl]oxy)benzonitrile

HN~O
N

gri .
NH

HO.H'v
DIEA, NATU
DMF rt,tzh

Method A
X2'

N D
H

Thc title compound was prepared from 5-(6-[[6-mcthoxy-5-(4-rncthylpipcrazin-1-yl)pyridin-2-

yl]amino]pyrimidin-4-yl)-2-(piperidin-4-yloxy)benzonitrile and 5-methyl-lH-1,2,4-triazole-3-

carboxylic acid using Method A. Thc final product. was purified by prep-HPLC under thc

following conditions: column, XBridgc Shield RP18 OBD Column, 150 x 19 rnrn, S urn; mobile

phase, acctonitrilc in water (with 10 mmol/L NH&HCOT and 0.1 % NHT.H20), 3S % to 6S %

gradient in 7 min; detector, UV 2S4 mn. S-(6-[[6-methoxy-S-(4-methylpiperazin-1-yl)pyridin-2-

ylJamino]pyrimidin-4-yl)-2-([1-[(5-methyl-lH-1,2.4-triazol-3-yl)carbonyl]piperidin-4-

ylJoxy)bcnzonitrilc was obtained as yellow solid (25 rng, 14 %). HPLC: 99.S % purity, RT =

1.16 min. MS: /tt/z = 610.4 [M+HJ'. 'H NMR (300 MHz, DMSO-do) 8 14.06 (br s, 1 H), 9.97 (s,

1 H), 8.72 (s, 1 H), 8.39-8.24 (m, 2 H), 8.20 (s, 1 H), 7.60-7.SO (m, 1 H), 7.33-7.23 (m, 1 H),

7.22-7.13 (m, 1 H), 5.07-S.00 (m, 1 H), 3.98 (s, 3 H), 3.91-3.84 (m, 2 H), 3.72-3.62 (m, 2 H),
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2.98-2.92 (m, 4 H), 2.49-2.42 (m, 4 H), 2.37 (s, 3 H), 2.22 (s, 3 H), 2.08-2.02 (m, 2 H), l. 80-1.74

(m, 2 H).

Example 56: 5-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-

yl)-2-([1-[(1,3-oxazol-5-yl)carbony1]piperidin-4-yl]oxy)benzonitrile

N

HN~Q
N QH

0

Q
N

NH

DIEA NATU
DMF, rt 12 h

Method A
XXi'

N 0
H

Thc title compound was prcparcd from 5-(6-[[6-methoxy-5-(4-mcthylpipcrazin-1-yl)pyridin-2-

ylJamino]pyrimidin-4-yl)-2-(piperidin-4-yloxy)benzonitrilc and 1,3-oxazolc-5-carboxylic acid

using Method A. The final product was putificd by prep-HPLC under the following conditions:

column, XBridge Prep C18 OBD Column, 1SO x 19 mm, S um, mobile phase, acetonitrile in

water (with 10 mmol/L NHAHCOs and 0.1 rlo NHs,H20), 2S rlo io 40 rlo gradient in 7 min;

dctccior. UV 2S4 nm. 5-(6-[[6-methoxy-5-(4-methylpipcrazin-1-yl)pyridin-2-

ylJamino]pyrimidin-4-yl)-2-([1-[(1,3-oxazol-S-yl)carbonyl]pipcridin-4-yl]oxy)bcnzonitrilc was

obtained as yellow solid (29 mg, 17 %). HPLC: 98.5 ~/o purity, RT = 2.44 min. MS: //t/z = 596.2

[M+H]'. 'H NMR (300 MHz, Methanol-dq) 8 8.70-8.63 (m, 1 H), 8.3S (s, 1 H). 8.33-8.23 (m, 2

H). 8.07 (s, 1 H). 7.69 (s. 1 H), 7,48-7.38 (m, 1 H), 7.36-7.27 (m, 1 H), 7.27-7.17 (m. 1 H), S.08-

4.99 (m, 1 H), 4.06 (s, 3 H), 3.96-3.89 (tn, 4 H), 3.11-3.04 (m, 4 H), 2.68-2.62 (m, 4 H), 2.36 (s,

3 H), 2.17-2.10 (m, 2 H), 2.08-1.93 (m, 2 H).

Example 57: 2-[[(3R,4S)-3-fluoro-l-[(lH-1,2,3-triazo1-5-yl)carbonyl]piperidin-4-yl]oxy]-5-

(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile
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N N

Boc.
F

N

N Boc —NQ "OH L3,,
Meo

)—N
—N N / x Br

N

Pd(PCy,)»CI», Na»CO»,

H»O droxane, 100 'C,15 h

Method Rt

NaH DMF n,2h

2 Method E

Pd»(dha)», Xantphoa,
Ca»CO», droxane,100 "C 5 h

Method 37a

Fag .Boc

N

N N OMe
H

~CI

droxane rt 2 h

Method 17a

''QNH

N

N N OMe
H

0 H

HO~I
HATU. DIEA,
NMF n,3h

Method A

0

'N+i
N

CX..

Method Rl

5-(6-aminopyrimidin-4-yl)-2-fluorobenzonitrile: To a solution of 2-fluoro-5-(tetramethyl-

1,3,2-dioxaborolan-2-yl)bcnzonitrilc (570 mg, 2.31 mmol) in 1,4-dioxanc (120 mL) was added

6-chloropyrirnidin-4-amine (302 rng, 2.33 mrnol), Pd(Pcys)»C1» (170 mg, 0.23 rnmol) and a

solution of sodium carbonate in water (10 M, 4.6 mL, 46 mmol) at the room temperature. The

resulting solution was stirred 1'or 18 h ai 100 "C. When the reaction was done, the solids in the

reaction mixture were filicred oui. and Ihe filtraic was concentraied under rcduccd prcssure. Thc

residue was purified by flash chromatography cluting with EtOAc in hcxanc (0% to 80%

gradient) to yield S-(6-aminopyrimidin-4-yl)-2-fluorobenzonitrile as yellow solid (441 mg,

89%). MS: In/2 = 21S.O [M+H]+.

2-[[(3R,4S)-3-fluoro-1-[(1H-1,2,3-triazol-5-yl)carbonyl]piperidin-4-yl]oxy]-5-(6-[[6-

methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile: 2-

[[(3R,4S)-3-fluoro-l-[(1H-1,2„3-triazo1-5-yl)carbonyl]piperidin-4-yl]oxy]-5-(6-[[6-meihoxy-5-

(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzoniirile was prepared from 5-(6-

aminopyrimidin-4-yl)-2-fluorobcnzonitrilc, (3R,4S)-tert-butyl 3-tluoro-4-hydroxypipcridinc-1-

carboxylate, 1-(6-bromo-2-methoxypyridin-3-yl)-4-methylpiperazine and 3H-1,2,3-ttiazole-4-

carboxylic acid using Meihod E, 37a, 17a and A. The final product was purified by prep-HPLC

under Ihe following conditions: column, XBridge Prep C18 OBD Column, 150 x 19 mm, 5 um;

mobile phase, acctonitrilc in water (with 10 nunol/L NH&HCOB and 0.1% NHB.H20), S% to 47%
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gradient in 8 min; dctcctor, UV 254 nm. 2-[[(3R,45)-3-fluoro- 1 -[(1H-1,2,3-triazo1-5-

yl)carbonylJpipcridin-4-ylJoxy]-5-(6-[[6-methoxy-S-(4-methylpipcrazin-1-yl)pyridin-2-

yl]amino]pyrimidin-4-yl)benzonitrile was obtained as yellow solid (18 mg, 1.1%o 1'or 4 steps).

HPLC: 98.9% purity, RT = 1.02 min. MS: nf/z = 307.S [M+HJ'. 'H NMR (400 MHz, DMSO-dd)

8 9.97 (s. 1 H), 8.73 (s. 1 H), 8.41-8.27 (rn, 3 H), 8.23 (s, 1 H), 7.66-7.58 (m, 1 H), 7.32-7.23 (m.

1 H), 7.23-7.15 (m, 1 H), 5.26-4.86 (m, 2.5 H), 4.62-4.28 (m, 1.S H), 3.98 (s, 3 H), 3.96-3.14 (m,

2 H), 3.04-2.89 (m, 4 H), 2.48-2.38 (m, 4 H), 2.22 (s, 3 H), 2.12-1.83 (m, 2 H).

Example 58: 2-[(3,3-difluoro-1-methylpiperidin-4-yl)oxy]-5-(6-[[6-methoxy-5-(4-

methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile

F
N

Pd(OAc)a Xphoa, Caaco,
dioxane, 100 'C, 5 h

Method 37

F
N F

HO~N— Boc

NaH, OMF, rt, 2 h

Method E

N

XXi
N N OMe
H

formalin

HCOOH 140 C,1h

Method 14 N N OMe
H

The title compound was prepared 1'rom 5-(6-aminopyrimidin-4-yl)-2-fluorobenzonitrile, 1-(6-

bromo-2-mcfhoxypyridin-3-yl)-4-mcfhylpipcrazine, tert-buf.yl 3.3-difluoro-4-hydroxypiperidinc-

1-carboxylate and formalin using Method 37, E and 14. Thc final product was purified by prcp-

HPLC under thc following conditions: colutnn, XBridgc Prep C18 OBD Colutnn, 150 x 19 tntn,

S um; mobile phase, acetonitrile in water (with 10 mmol/L NH4HCO3 and 0.1 % NH3.H30), S %

fo 38 %o gradient in 7 min; detector, UV 254 nm. 2-[(3,3-difluoro-l-methylpiperidin-4-yl)oxy]-5-

(6-[[6-methoxy-5-(4-mcthylpipcrazin-1-yl)pyridin-2-ylJatnino]pyrimidin-4-yl)bcnzonitrilc was

obtained as yellow solid (1S mg, 9 '/o for 3 steps). HPLC: 96.4 '/o purity, RT = 1.93 min. MS: m/2

= 5S1.3 [M+H]'. H NMR (300 MHz, DMSO-dh) 8 9.98 (s, 1 H), 8.72 (s, 1 H), 8.40-8.25 (m, 2

H), 8.21 (s, 1 H), 7.67-7.58 (m. 1 H), 7.32-7.23 (m, 1 H), 7.21-7.12 (m, 1 H), S.1S-S.07 (m, 1 H).

110



WO 2019/079375 PC T/I) 5201 0/0561 92

3.98 (s, 3 H), 3.03-2.82 (m, 5 H), 2.81-2.S5 (m, 2 H), 2.48-2.42 (m, 5 H), 2.28 (s, 3 H), 2.22 (s, 3

H), 2.16-1.84 (m, 2 H).

Example 59: 2-[[3,3-difluoro-l-(2-hydroxyacetyl)piperidin-4-yl]oxy]-5-(6-[[6-methoxy-5-(4-

methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile

0
N

HCI

dioxaoe, rt, 2 h

Method 17a

F

0
N

N N OMe
H

DIEA, HATU
DMF, d, 12 I1

Method A XX..

Thc title compound was prepared from tert-butyl 4-(2-cyano-4-(6-(6-methoxy-5-(4-

methylpiperazin-l-yl)pyridin-2-ylamino)pyrimidin-4-yl)phcnoxy)-3,3-difluoropipcridinc- 1-

carboxylate and 2-hydroxyacetic acid using Method 17a and A. The linal product was purified

by prep-HPLC under thc following conditions: column, XBridge Prep C18 OBDColumn, 1SO x

19 mm, 5 um; mobile phase, acetonitrilc in water (with 10 mrnol/L NH&HCOs and 0.1 %

NHT.H20), 25 % to 47 % gradient in 7 min; dctcctor, UV 254 nrn. 2-[[3,3-difluoro-l-(2-

hydroxyacetyl)piperidin-4-yl]oxy]-S-(6-[[6-methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-

ylJamino]pyrimidin-4-yl)bcnzonitrilc was obtained as yellow solid (15 mg, 6 % for 2 steps).

HPLC: 98.0 % puiity, RT = 9.06 inin. MS: nu'z = S95.1 [M+HJ'. 'H NMR (300 MHz, DMSO-do)

8 10.00 (s, 1 H), 8.73 (s, 1 H), 8.42-8.28 (m, 2 H), 8.23 (s, 1 H), 7.69-7.S9 (m, 1 H), 7.33-7.23

(m, 1 H), 7.21-7.12 (m, 1 H), 5.40-S.31 (m, 1 H), 4.93-4.85 (m, 1 H), 4.24-3.42 (m, 9 H), 2.98-

2.92 (m, 4 H), 2.49-2.42 (m, 4 H). 2.22 (s, 3 H). 2.17-1.78 (m, 2 H).

Example 60 & 61: 2-[[(4S)-3,3-difluoro-1-(2-hydroxyacetyl)piperidin-4-yl]oxy]-5-(6-[[6-

methoxy-5-(4-methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile & 2-

[[(4R)-3,3-dilluoro-l-(2-hydroxyacetyl)piperidin-4-yl]oxy]-5-(6-[[6-methoxy-5-(4-
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methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile
0

P N+F
N

claral aeparaach

0

PN+F
N

0

PN+F
N

N N OMe
H

N N OMe
H

The iwo isomers were obtained hy separation of 2-[[3,3-difluoro-l-(2-hydroxyacetyl)piperidin-

4-ylJoxyJ-S-(6-[[6-methoxy-S-(4-mcthylpipcrazin-1-yl)pyridin-2-ylJamino]pyrimidin-4-

yl)hcnzonitrilc on chiral prep-HPLC under the following conditions: column, CHIRALPAK ID-

3, 0.46 x 10 cm, 3 um; mobile phase, MtBE (with 0.1 % DEA) in EtOH, 95 % isocratic in 30

min; detector, UV 2S4 nm.

2-[[(4S)-3,3-difluoro-1-(2-hydroxyacetyl)piperidin-4-yl]oxy]-5-(6-[[6-methoxy-5-(4-

methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile: (100 mg, 67 %,

yellow solid) HPLC: 99.6 % purity, RT = 0.93 min. MS: nv'- = S9S.3 [M+H]+. 'H NMR (300

MHz, DMSO-dh) 8 9.99 (s. 1 H), 8.73 (s. 1 H), 8.42-8.28 (m, 2 H), 8.22 (s, 1 H). 7.69-7.S9 (m, 1

H), 7.33-7.23 (m, 1 H), 7.21-7.12 (m, 1 H), 5.42-5.32 (m, 1 H), 4.94-4.85 (m, 1 H), 4.27-4.02 (m,

3 H), 3.98 (s, 3 H), 3.96-3.74 (m, 1 H), 3.71-3.43 (m, 2 H), 2.99-2.92 (m, 4 H), 2.49-2.43 (m, 4

H), 2 22 (s, 3 H), 2.18-1.79 (m, 2 H).

2-[[(4R)-3,3-difluoro-l-(2-hydroxyacetyl)piperidin-4-yl]oxy]-5-(6-[[6-methoxy-5-(4-

methylpiperazin-1-yl)pyridin-2-yl]amino]pyrimidin-4-yl)benzonitrile; (98 mg, 68 %, yellow

solid) HPLC: 99.8 % purity, RT = 0.94 min. MS; mfz = 59S.3 [M+HJ'. 'H NMR (300 MHz,

DMSO-dh) 8 9.99 (s, 1 H), 8.73 (s, 1 H), 8.42-8.28 (m, 2 H), 8.22 (s, 1 H), 7.69-7.S9 (m. 1 H),

7.32-7.23 (m, 1 H), 7.21-7.12 (m, 1 H), 5.42-5.28 (m, 1 H), 4.94-4.8S (m, 1 H), 4.27-4.04 (m, 3

H), 3.98 (s, 3 H), 3.96-3.77 (m, 1 H), 3.71-3.42 (m, 2 H), 2.99-2.90 (m, 4 H), 2.49-2.42 (m, 4 H),

2.22 (s. 3 H), 2.18-1.72 (m, 2 H).

Example 62; 2-([3,3-difluoro-1-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-

[(2S)-2,4-dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile hydrochloride
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/
N

HN+0 CN
N

o-;
NH

~OH
HD 0

HAT 4 DIEA,
DMF rt,2h
Method A

0

~N F
N

N N 0 HCI

The title compound was prepared 1'rom 2-[(3,3-difluoropiperidin-4-yl)oxy]-S-[6-([S-[(2S)-2,4-

dimcthylpipcrazin-1-ylJ-6-mcthoxypyridin-2-ylJamino)pyrimidin-4-yl]bcnzonitrilc and (S)-2-

hydroxypropanoic acid using Method A. Thc final product was purified by prep-HPLC under the

following conditions: column, XBridge Shield RP18 OBD Column, 1SO x 19 mm, 5 um; mobile

phase, aceioniirile in water (with O.OS % HCl), 18 %o io 40 %o gradient in 8 min; detector, UV 254

nm. 2-([3,3-ditluoro-l-[(2S)-2-hydroxypropanoylJpipcridin-4-ylJoxy)-S-[6-([5-[(2S)-2,4-

dimcihylpipcrazin-1-ylJ-6-methoxypyridin-2-ylJamino)pyrimidin-4-yl]bcnzonitrilc

hydrochloride was obtained as orange solid (21 mg, 15 %o). HPLC: 96.4 % putity, RT = 8.70

min. MS: In/z = 623.2 [M+H]+. 'H NMR (300 MHA, DMSO-do) 8 9.06-8.96 (m, 1 H), 8.S5-8.47

(m, 1 H), 8.42-8.32 (m, 1 H), 7.84-7.70 (m, 2 H). 7.47-7.38 (m, 1 H), 7.26-7.17 (m, 1 H), S.S2-

5.4S (m, 1 H), 4.53-4.42 (m, 1 H). 4.26-4.14 (m, 1 H), 3.98 (s, 3 H), 3.85-3.79 (m, 3 H), 3.72-

2.89 (m,7 H),2.79(s,3 H),2.23-1.70(m,2 H), 1.20 (d, 1= 6.5 Hz, 3 H), 1.12(d, J = 6.9 Hz, 1

H), 0.90 (d, J = 6.0 Hz, 2 H).

Example 63: 2-([3,3-difluoro-1-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-

[(2S)-2,4-dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile hydrochloride
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Pd(PCya),CI, NazCO,
droxane HzO 100 "C. 12 h

Method R1

N~N

Br

CI N 0

HN N—

Pd,(dhaz)CHCI, Davephoa.
t BuoNa Tol. 66'C,15h

Method 53

CN

Ng" x ~ NH
Boo

N N

Pd(OAC)z. BINAP CSzCOz
dionaea, 106 'C, 16 h

Method 26

¹Q
H0 I

d1oxane, rl 2 h

Method Iza

F

HN~F
0

HATU, DISA
DMF, n. 2 II

Method A

0

"PN+F

N N 0 H0 I

H

Method 53

(2S)-1-(6-chloro-2-methoxypyridin-3-yl)-2,4-dimethylpiperazine: To a solution of 3-bromo-6-

chloro-2-me(hoxypyridinc (1.47 g, 6.62 mmol) in toluene (20 mL) was added (3S)-1,3-

dimcthylpipcrazine (760 mg, 6.66 mmol), Pd (dba)TCHCls (345 mg, 0.33 mmol), Davcphos (393

rng, 1.00 mmol) and t-BuONa (960 mg, 9.98 mmol) at room tcrnpcraturc. The resulting rnixturc

was stined for 5 h at 60 "C. When the reaction was done, the reaction mixture was concentrated

under reduced pressure and Ihc residue was purifled by flash chroma(ography eluting with

E(OAC in pcirolcum ether (0% to 8S% gradient) to yield (2S)-1-(6-chloro-2-mcthoxypyridin-3-

yl)-2,4-dimcthylpipcrazinc as yellow oil (129 rng, 8%). MS: m/2 = 256.3 [M+H]'.

2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-[(2S)-2,4-

dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

hydrochloride: 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]pipcridin-4-yl]oxy)-5-[6-([S-

[(2S)-2,4-dimethylpiperazin-l-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

hydrochloride was prepared trom ter(.-buiyl 4-(2-cyano-4-(4,4,S,S-tetrame(hy1-1,3,2-

dioxaborolan-2-yl)phcnoxy)-3,3-difluoropipcridinc-l-carboxylate, 6-chloropyrimidin-4-aminc,
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(2S)-1-(6-chloro-2-mcthoxypyridin-3-yl)-2,4-dimethylpipcrazinc and (R)-2-hydroxypropanoic

acid using Method Rl, 28, 170 and A. The final product was purified by prep-HPLC under the

1'ollowing conditions: column, XBridge Shield RP18 OBD Column, 150 x 19 mm, 5 um; mobile

phase, acctonitrilc, in water (with 0.05% HC1). 18% to 40% gradient in 8 min; detector. UV 254

nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]piper]din-4-yl]oxy)-5-[6-([5-[(2S)-2,4-

dimcthylpiperazin-1-yl]-6-mcthoxypyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

hydrochloride was obtained as orange solid (14 mg, 5% 4 steps). HPLC: 9S.0%a purity, RT =

8.96 min. MS: rrt/2 = 623.1 [M+HJ'. 'H NMR (300 MHz, DMSO-dh) 8 10.83 (s, 1 H), 8.89 (s, 1

H). 8.49-8.32 (m, 3 H), 7.82-7.36 (m, 2 H), 7.29-7.15 (m, 1 H). 5.43 (s, 1 H). 4.S6-4.47 (m, 1 H),

4.3S-3.73 (m, 6 H), 3.71-3.03 (m, 7 H), 2.87-2.77 (m, 4 H), 2.28-1.76 (m, 2 H), 1.24 (d, y = 6.5

H/, 3 H), 1.10 (d, 1= 6.3 H/, 0.6 H), 0.85 (d,.l = 6.3 H/, 2.4 H).

Example 64: 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([5-[(2R)-2,4-dimethylpiperazin-1-yl]-

6-methoxypyridin-2-yl)amino)pyrimidin-4-yl]benzonitrile

Brrii
CI N 0 Pdz(dha)z, (-BuONa,

BINAP, Tol, 60 'C, 16 h

Method N

.Boc

HCI

droxane, rt, 2 h

Method 17a

(CHzo)n

NaBHe NaOAc,
MeOH, rt, 4 h

Method 27

CN

N F ~ ~ NHz

N~~N

Pd(OAC)z, BINAP, CSzcoz,
droxane, 100 'C, 16 h

Method
28

/
N

Boc —N~O CN "" ( gN

NH

HCI

droxane, rt, 2 h

F

N

Method 17a
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Method N

tert-butyl (3R)-4-(6-chloro-2-methoxypyridin-3-yl)-3-methylpiperazine-1-carboxylate: To a

solution of 3-bromo-6-chio& o-2-mcthoxypyridinc (3.80 g, 17.08 rnmol) in toluene (40 mL) was

added tert-butyl (3R)-3-methylpipcrazine- I-carboxylate (3.42 g, 17.08 mmol), Pd&(dba)s (319

mg, 0.35 mmol), BINAP (426 mg, 0.68 mmol), t-BuoNa (2.84 g, 29.58 mmol) at room

temperature. The resulting mixture was stirred fl&r 16 h ai 80 "C. When the reaction was done, the

solvent was concentrated under rcduccd prcssure and the, residue, was purified by flash

chromatography eluting with EtOAc in petroleum ether (0% to 12% gradient) to yield tert-butyl

(3R)-4-(6-chloro-2-mcthoxypyridin-3-yl)-3-mcthylpiperazinc-I-carboxylate as yellow oil (326

mg, 6%). MS: m/z = 342.2 [M+H]'.

2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-(J 5-[(2R)-2,4-dimethylpiperazin-1-yl]-6-

methoxypyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile: 2-[(3,3-difluoropiperidin-4-yl)oxy]-

S-[6-([5-[(2R)-2,4-dimethylpiperazin-l-yl]-6-meihoxypyridin-2-yl]amino)pyrimidin-4-

ylJbcnzonitrilc was prcparcd from (R)-tert-butyl 4-(6-chloro-2-methoxypyridin-3-yl)-3-

methylpiperazinc-l-carboxylate, (HCHO),, tert-butyl 4-(4-(6-aminopyrimidin-4-yl)-2-

cyanophenoxy)-3,3-difluoropiperidine-l-carboxylate using Method 17a, 27, 28, 17a. The final

product was purified by prep-HPLC under the following conditions: column, XBridge Shield

RP18 OBD Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L

NH4HCO& and 0.1'/r NH&.H&O), 30'/r to 60% gradient in 8 min; detector, UV 254 nm. 2-[(3,3-

difluoropiperidin-4-yl)oxy]-5-[6-([5-[(2R)-2,4-dimethylpiperazin-l-yl]-6-methoxypyridin-2-

yl]amino)pyrimidin-4-yl]benzonitrile was obtained as yellow solid (7 mg, 9.3 % for 4 steps).

HPLC: 99.4 k purity, RT = 3.44 min. MS: nr/z = 551.1 [M+HJ'. 'H NMR (300 MHz, DMSO-Ch)

8 10.05 (s, I H), 8.73 (s, I H), 8.4S-8.25 (rn, 3 H), 7.66-7.56 (m, I H), 7.41-7.31 (m, I H), 7.19-

7.10 (m, I H), 5.24-S.10 (m, I H), 3.97 (s, 3 H), 3.49-3.43 (m, I H), 3.23-2.54 (m, 8 H), 2.45-

2.2S (m, 2 H), 2.18 (s, 3 H), 2.12-1.97 (m, 2 H), 1.88-1.78 (m, I H), 0.81 (d, J = 6.3 Hz, 3 H).

Example 65: 2-([3,3-difluoro-1-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-

[(2R)-2,4-dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile hydrochloride
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/
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Thc title compound was prcparcd from 2-[(3,3-ditluoropipcridin-4-yl)oxy]-5-[6-([5-[(2R)-2.4-

dimcthylpipcrazin-1-ylJ-6-mcthoxypyridin-2-ylJamino)pyrimidin-4-yl]bcnzonitrilc and (S)-2-

hydroxypropanoic acid using Method A. The final product was purified by prep-HPLC under thc

1'ollowing conditions: column, XBridge Shield RP18 OBD Column, 150 x 19 mm, 5 um; mobile

phase, acctonitrile in water (with 0.05 % HC1), 30 % to 6S % gradient in 8 min; dctcctor, UV 2S4

nm. 2-([3,3-difluoro-l-[(2S)-2-hydroxypropanoylJpiperidin-4-ylJoxy)-5-[6-([5-[(2R)-2,4-

dimethylpipcrazin-1-yl]-6-mcthoxypyridin-2-yl]amino)pyrimidin-4-ylJbcnzonitrilc

hydrochloride was obtained as orange solid (30 mg, 46 %). HPLC: 96.2 % purity, RT = 3.S7

min. MS: /u/2 = 623.1 [M+H]'. 'H NMR (300 MHz, DMSO-Ch) 8 9.09-8.99 (m, 1 H), 8.58-8.49

(m, 2 H), 8.45-8.35 (m, 1 H), 7.94-7.38 (m, 2 H), 7.30-7.21 (m, 1 H), 5.S5-5.49 (m, 1 H), 4.58-

4.45 (m, 1 H), 4.37-3. 83 (m, 7 H), 3.73-2.91 (m, 7 H), 2. 82 (s, 3 H), 2.34-1.75 (rn, 2 H), 1.23 (d,

J = 6.4 Hz, 3 H), 1.12 (d, J = 6.5 Hz, 1 H), 0.89 (d, J =6.0 Hz, 2 H).

Example 66: 2-([3,3-difluoro-1-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-

[(2R)-2,4-dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile hydrochloride

F

N

0'/ ~
N

XXi'
N 0

H

HATU, DIEA
DMF, rt, 2 h

Method A
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Thc title compound was prcparcd 1'rom 2-[(3,3-difluoropipcridin-4-yl)oxy]-5-[6-( (5-[(2R)-2,4-

dimcthylpiperazin-1-yl]-6-mcthoxypyridin-2-yl ] amino)pytimidin-4-ylJ benzonitrile, and (R)-2-

hydroxypropanoic acid using Method A. The 1'inal product was puril ted by prep-HPLC under the

following conditions: column. XBridgc Shield RP18 OBD Column, 150 x 19 mm, 5 um; mobile

phase, acctonitrile in water (with 0.05 % HC1), 30 % to 60 % gradient in 8 min; dctcctor, UV 254

nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoylJpipcridin-4-ylJoxy)-5-[6-([S-[(2R)-2,4-

dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

hydrochloride was obtained as orange solid (30 mg, 5 % 5 steps). HPLC: 95.7 % purity, RT =

3.56 min. MS: m/z = 623.1 [M+HJ'. 1H NMR (300 MHz, DMSO-d6) 8 9.05 -8.96 (m. 1 H),

8.55-8.45 (m, 2 H), 8.43-8.31 (m, 1 H), 7.89-7.76 (m, 2 H), 7.46-7.17 (m, 1 H), 5.52-5.46 (m, 1

H), 4.55- 4.42 (m, 1 H), 4.36-3.70 (m, 7 H), 3.68-2.88 (m, 7 H), 2.79 (s, 3 H), 2.30 -1.68 (m, 2

H). 1.20 (d, J = 6.4 Hz, 3 H), 1.12 (d, 1 = 6.9 Hz, 1 H). 0.89 (d, J = 6.0 Hz, 2 H).

Example 67: 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([6-methoxy-5-[(2S)-2-methyl-4-

(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl [amino)pyrimidin-4-yl]benzonitrile

HN N-Boc

Pdz(dha)a, BINAP,

NaOBu, Tol, 80 'C, 4 h

Method N
Method tta

O O
NaBH(OAcil,

HOAc THF, rt 12 h

Method 55

0

N zN

Pd(OAC)z. BINAP, Cszcol
dioxaoe, 110 'c 15 h

Method 25

TFA

DCM, rt,zh

Method 35

F

N

NQ
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(2S)-1-(6-chloro-2-methoxypyridin-3-yl)-2-methylpiperazine: Thc title compound was

prepared from 3-bromo-6-chloro-2-methoxypyridine and (S)-tert-butyl 3-methylpipcrazine-1-

carboxylate using Method N and 17a. (2S)-1-(6-chloro-2-methoxypyridin-3-yl)-2-

mcthylpipcrazinc werc obtained as an yellow oil (92 rng, 4.3 % for 2 steps). MS: nt/2 = 242.2

[M+HJ'.

Method 55

(2S)-1-(6-chloro-2-methoxypyridin-3-yl)-2-methyl-4-(oxetan-3-yl)piperazine: To a solution

of (2S)-1-(6-chloro-2-meihoxypyridin-3-yl)-2-methylpiperazine (92 mg, 0.38 mmol) in

ieirahydrofuran (3 mL) was added oxetan-3-one (101 mg, 1.41 mmol), AcOH (0.1 mL) and

NaBH(OAc)s (298 mg, 1.41 mmol) at room tcmpcraturc. Thc resulting mixture was stirred for 12

h at room temperature. When the reaction was done, it was quenched by water. Thc pH value of

ihe resulting mixture was adjusted to 8 with sai. sodium bicarbonate solution. The mixture was

extracted with ethyl acetate (20 mL x 3). The organic phases were combined, washed with brine

and dried over NazSO4. Thc solvent was removed under rcduccd prcssure to yield (2S)-1-(6-

chloro-2-methoxypyridin-3-yl)-2-methyl-4-(oxctan-3-yl)piperazine as yellow oil (160 rng,

etude). MS; m/z = 242.2 [M+H]+.

2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([6-methoxy-5-[(2S)-2-methyl-4-(oxetan-3-

yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile: Thc title compound was

prepared from (S)-1-(6-chloro-2-methoxypyridin-3-yl)-2-methyl-4-(oxeian-3-yl)piperazine, and

ieri-butyl 4-(4-(6-aminopyrimidin-4-yl)-2-cyanophcnoxy)-3,3-diiluoropiperidinc-l-carboxylate

using Method 28, 35. The final product was purified by prep-HPLC under Ihe following

conditions: column, XBridge Prep OBD C18 Column, 150 x 19 mm, 5 um„mobile phase,

acetonitrile in water (with 10 mmol/L NHxHCO; and 0.1% NHs.H20), 30% to 60% gradient in 8

min; detector, UV 254 nm. 2-[(3,3-dif(uoropipcridin-4-yl)oxy]-S-[6-([6-methoxy-5-[(2S)-2-

methyl-4-(oxcian-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-ylJbenzoniirile was

obtained as yellow solid (4.8 rng, 1.3 % for 3 steps). HPLC: 96.0% putity, RT = 3.44 min. MS:

////z = 593.1 [M+H]+. 'H NMR (300 MHz, DMSO-ds) 8 10.07 (s, 1 H), 8.74 (s, 1 H), 8.46-8.24

(m, 3 H), 7.69-7.55 (m, 1 H), 7.45-7.34 (m, 1 H), 7.23-7.06 (m, 1 H), 5.35-5.04 (m, 1 H), 4.63-
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4.40 (m, 4 H), 3.97 (s, 3 H), 3.53-3.36 (m, 2 H), 3.25-2.54 (m, 8 H), 2.48-2.40 (m, 1 H), 2.31-

2.20 (m, 1 H), 2.13-1.70 (m, 3 H), 0.82 (d, J = 6.2 Hz, 3 H).

Example 68: 2-([3,3-difluoro-l-[(ZR)-Z-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[(2S)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile

F
~N+F

N
OH

HO 0

HATU, DIEA,
DMF, rI,26

Method A

0

'J N+F

.EX.

2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-methoxy-5-[(2S)-

2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile: The

title compound was prepared 1'rom 2-[(3,3-difluoropipetidin-4-yl)oxy]-S-[6-(]6-methoxy-5-

[(2S)-2-methyl-4-(oxclan-3-yl)pipcrazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-ylJbenzonitrile

and (R)-2-hydroxypropanoic acid using Method A. The final product was purified by prcp-

HPLC under the following conditions: column, XBridge Shield RP18 OBD Column, 150 x 19

mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L NHAHCO; and 0.1 % NHs.H20),

3S % to 6S % gradient in 8 min; dctcclor, UV 2S4 nm. 2-([3,3-diiluoro-l-[(2R)-2-

hydroxypropanoyl]pipctidin-4-yl]oxy)-5-[6-([6-rncthoxy-5-[(2S)-2-methyl-4-(oxctan-3-

yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile was obtained as yellow solid

(16 mg, 0.03 % for 3 steps). HPLC: 90.2 % purity, RT = 4.12 min. MS: m/' 66S.2 [M+H]+. 'H

NMR (300 MHz, DMSO-Ch) 8 10.09 (s, 1 H), 8.7S (s, 1 H), 8.44-8.29 (m, 2 H), 7.70-7.60 (m, 1

H), 7.45-7.3S (m, 1 H), 7.20-7.11 (m, 1 H), 5.39-5.33 (rn, 1 H), 5.28-5.19 (m, 1 H), 4.62-4.38 (m,

S H), 4.34-4.03 (m, 2 H), 3.98 (s, 3 H), 3.94-3.38 (m, 4 H), 3.08-2.99 (m, 1 H), 2.84-2.73 (m, 1

H), 2.64-2.40 (m, 2 H), 2.37-1.7S (m, 4 H), 1.22 (d, J = 6.5 Hz, 3 H), 0.83 (d, J = 6.2 Hz, 3 H).

Example 69: 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([6-methoxy-5-[(ZR)-2-methyl-4-

(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile
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O O
NaBH(OAc)a

HOAc THF 5, 12 h

Method 55

CN

N+ x ~ NHt
Boc

N~N

Pd(OAC)t, BINAP Cstcca
dIoxaoe, 110 'C 16 h

Method 26

F F GN

"'N

EX.

TFA

OCM 6,25

Method 35

F

HN+F
N

NJ
.Cx,

Thc title compound was prcparcd from (R)-1-(6-chloro-2-methoxypyridin-3-yl)-2-

methylpiperazinc, oxetan-3-onc, tert-butyl 4-(4-(6-aminopytimidin-4-yl)-2-cyanophcnoxy)-3,3-

diiluoropiperidine-1-carboxylate and (R)-2-hydroxypropanoic acid using Method S5, 28, 35.

Thc final product was purified by prep-HPLC under thc following conditions: column, XBridgc

Prep C18 OBD Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10

mrnol/L NHAHCOB and 0.1% NHB.H20), 20% to 50% gradient in 8 min; detector, UV 254 nm. 2-

[(3,3-difluoropiperidin-4-yl)oxy]-S-[6-([6-methoxy-5-[(2R)-2-methyl-4-(oxetan-3-yl)piperazin-

1-ylJpyridin-2-ylJamino)pyrimidin-4-yl]bcnzoniirilc was obtained as yellow solid (S mg, S.5 %

for 3 steps). HPLC: 92.0/c purity, RT = 3.13 tnin. MS: /)I/z = 593.1 [M+H]'. 'H NMR (300 MHz,

DMSO-dh) 8 10.08 (s, 1 H), 8.74 (s, 1 H), 8.42-8.26 (m, 3 H), 7.66-7.57 (m, 1 H), 7.44-7.35 (rn,

1 H), 7.21-7.11 (m, 1 H), 5.22-5.16 (m, 1 H), 4.62-4.38 (m, 4 H), 3.98 (s, 3 H), 3.60-3.36 (m, 2

H). 3.26-2.52 (m, 8 H), 2.46-2.42 (m, 1 H), 2.30-2.24 (m, 1 H). 2.08-1.94 (m, 2 H), 1.88-1.81 (m.

1 H), 0.83 (d, J = 6.2 Hz, 3 H).

Example 70: 2-([3,3-dilluoro-1-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[(2R)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile:
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F

N N+F
N

QFI

0

"J N~F
N

.Cx.
HATU, DIEA,
DMF, rt, 20

Method A

NMJ

.Cx.

2-([3.3-difluoro-l-[(2R)-2-hydroxypropanoyl]pipcridin-4-yl]oxy)-S-[6-([6-methoxy-5-[(2R)-2-

methyl-4-(oxctan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-ylJbenzonitrile was

prepared from 2-[(3,3-difluoropiperidin-4-yl)oxyJ-5-[6-([6-methoxy-5-[(2R)-2-methyl-4-

(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile and (R)-2-

hydroxypropanoic acid using Method A. Thc final product was purified by prep-HPLC under the

following conditions: column, XBridge Prep C18 OBD Column, 1SO x 19 mm, 5 um, mobile

phase, acetonitrilc in water (with 10 mmol/L NHAHCOs and 0.1% NHs.H20), 28% to 38%

gradient in 8 min; detector, UV 2S4 nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]piperidin-

4-ylJoxy)-S-[6-([6-methoxy-S-[(2R)-2-methyl-4-(oxctan-3-yl)piperazin-1-yl]pyridin-2-

ylJamino)pyrimidin-4-yl]bcnzonitrilc was obtained as yellow solid (17 mg, 14 %). HPLC: 9S.6%

purity, RT = 3.82 min. MS: /tt/z = 66S.1 [M+H]'. 'H NMR (300 MHz, DMSO-dq) 8 10.09 (s, 1

H), 8.7S (s, 1 H), 8.44-8.29 (m, 3 H), 7.70-7.60 (m, 1 H), 7.45-7.3S (m, 1 H), 7.20-7.11 (m, 1 H),

5,40-S.33 (m, 1 H), 5.28-5.19 (m, 1 H), 4.60-4.38 (m. 5 H). 4.32-4.02 (m, 1 H), 3.98 (s, 3 H),

3.91-3.54 (m, 3 H), 3.50-3.37 (m, 2 H), 3.17-2.56 (m, 3 H), 2.46-1.81 (m, 5 H), 1.22 (d, J = 6.6

Hz, 3 H), 0.83 (d, J = 6.2 Hz, 3 H).

Example 71: 2-([3,3-diiluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[(2R)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile
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HN

0
GN

N N 0
H

HATU, DIEA,
DMF, rt, 2 h

Method A

The title compound was prepared from 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([6-methoxy-5-

[(2R)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-ylJbenzonitrile

and (2S)-2-hydroxypropanoic acid using Method A. The final product was puril'ied by prep-

HPLC under the following conditions; column, XBridgc Prep C18 OBD Column, 150 x 19 mm,

5 um, mobile phase, acetonitrile in water (with 10 mmol/L NH&HCOs and 0.1% NHT.H20), 25%

io S0% gradient in 8 min; detector, L/V 254 nm. 2-([3,3-difluoro-l-[(ZS)-2-

hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-methoxy-5-[(2R)-2-methyl-4-(oxetan-3-

yl)piperazin-1-ylJpyridin-2-ylJamino)pyrimidin-4-ylJbenzonitrile was obtained as yellow solid

(16 mg, 14%). HPLC: 94.1% purity, RT = 3.82 min. MS: /tv2'= 665.1 [M+HJ'. 'H NMR (300

MHz, DMSO-ds) 8 10.09 (s, 1 H), 8.7S (s, 1 H), 8.S0-8.28 (m, 3 H), 7.7S-7.60 (m, 1 H), 7.47-

7.3S (m, 1 H), 7.24-7.08 (m, 1 H), 5.44-5.28 (m, 1 H), S.27-5.19 (m, 1 H), 4.66-4.37 (m, 5 H),

4.34-3.36 (m, 9 H), 3.14-3.00 (m, 1 H), 2. 80-2.69 (m. 1 H). 2. SS-2.37 (m, 2 H), 2.27-1.79 (m, 4

H), 1.22 (d, J =6.3 Hz, 3 H), 0.82 (d, J = 6.3 Hz, 3 H).

Example 72: 2-([3,3-dillnoro-l-[(ZS)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[(ZS)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile

HN

0
F F GN

H

~OH
HO 0

HATU, DIEA
DMF,rt 2h

Method A

0

~N+F
N
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Thc title compound was prcparcd from 2-[(3,3-difluoropipcridin-4-yt)oxy]-5-[6-([6-methoxy-5-

[(2S)-2-methyl-4-(oxctan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

and (2S)-2-hydroxypropanoic acid using Method A. The final produci was puril'ied by prep-

HPLC under the, following conditions: column, XBridgc Shield RP18 OBD Column, 1SO x 19

mm, S um; mobile phase, acetonitrile in water (with 10 minol/L NHdHCOT and 0.1 % NHT.H 0),

30 % to 60 % gradient in 8 min; detector, VV 254 nm. 2-([3,3-difluoro-l-[(2S)-2-

hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-methoxy-5-[(2S)-2-methyl-4-(oxeian-3-

yl)pipcrazin-1-ylJpyridin-2-ylJamino)pyrimidin-4-ylJbcnzonitrilc was obtained as yellow solid

(23 mg. 33 %). HPLC: 93.4 % purity, RT = 4.11 min. MS: nv'z = 66S.1 [M+HJ+.'H NMR (300

MHz, DMSO-dh) CS 10.09 (s, 1 H), 8.75 (s, 1 H), 8.43-8.28 (m, 3 H), 7.69-7.59 (m, 1 H), 7.44-

7.35 (m, 1 H), 7.19-7.10 (m, 1 H), S.39-5.32 (m, 1 H), S.27-S.18 (m, 1 H), 4.61-4.41 (m, 5 H),

4.29-3.56 (m, 9 H), 3.12-3.02 (m, 1 H), 2.80-2.72 (m. 1 H). 2.S8-2.39 (m, 2 H), 2.30-1.81 (m, 4

H). 1.22 (d, J = 6.5 Hz, 3 H). 0.82 (d, J = 6.2 Hz, 3 H).

Example 73: 2-[(3,3-dilluoropiperidin-4-yl)oxy]-5-[6-((5-[(3R)-3,4-dimethylpiperazin-l-yl]-

6-methoxypyridin-2-yl)amino)pyrimidin-4-yl]benzonitrile

Brrii .
CI N 0

H~N—

Pdt(dhas)CHC(s Davephos
t-BuoNa Tol 60'0 3h

Method 63

CN

N~ X ~ NHt
Bon

N~N

Pdt(dha)sCHC(s Xantphos,
CstCOs, droxane, 1(0 '0 3 h

Method
37a

0
F F CN

H0 I

droxane rt 2 h

F

HN F
N

N N 0
H Method 17a

The title compound was prepared from 3-bromo-6-chloro-2-methoxypyiidine, (R)-1,2-

dimcihylpiperazine and tcri-buiyl 4-(4-(6-aminopyrimidin-4-yl)-2-cyanophenoxy)-3r3-

difluoropipeiidinc-1-carboxylate using Method S3, 37a and 17a. The final product. was purilicd

by prep-HPLC under thc following conditions: column, XBridgc Shield RP18 OBD Column,
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150 x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L NHAHCO& and 0.1%

NH;.H20), 30% to 50% gradient in 8 min; detector, UV 254 nm. 2-[(3,3-difluoropiperidin-4-

yl)oxy]-5-[6-([S-[(3R)-3,4-dimethylpiperazin-l-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

ylJbcnzonitrilc was obtained as light yellow solid (8 mg, 6.2% for 3 steps). HPLC: 92.0% purity,

RT= 3.13 min. MS: ndz= S93.1 [M+HJ'.'H NMR(300 MHz, DMSO-do) 89.97 (s, 1 H), 8.71

(s, 1 H), 8.42-8.11 (m, 3 H), 7.6S-7.55 (m, 1 H), 7.29-7.21 (m, 1 H), 7.21-7.08 (m, 1 H), 5.24-

S.09 (m, 1 H), 3.97 (s, 3 H), 3.27-3.06 (m, 3 H), 3.03-2.S2 (m, 6 H), 2.40-2.22 (m, 2 H), 2.20 (s,

3 H), 2.18-2.12 (m, 1 H), 2.10-1.99 (m, 1 H), 1.88-1.79 (m. 1 H), 1.00 (d. J = 6.1 Hz. 3 H).

Example 74: 2-([3,3-difluoro-1-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-

[(3R)-3,4-dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile hydrochloride

Q I
N

HN 0 CN ( QN

g,,—;
NH

~OH
HO 0

HATU DIEA,
DMF, rt, 2 6

Method A

0

0
N

HCI

Thc title compound was prepared from 2-[(3,3-difluoropipcridin-4-yl)oxy]-5-[6-([5-[(3R)-'3,4-

dimcthylpipcrazin-1-yl]-6-mcthoxypyridin-2-yl]amino)pyrimidin-4-ylJbcnzonitrilc and (S)-2-

hydroxypropanoic acid using Method A. Thc final product was purified by prep-HPLC under the

following conditions: column, XBridge Shield RP18 OBD Column, 1SO x 19 mm, 5 um; mobile

phase, acetonitrilc in water (with 0.0S % HCl), 18 % Io 4S % gradient in 8 min; detector, UV 2S4

nm. 2-([3,3-difluoro-l-[(2S)-2-hydroxypropanoylJpipcridin-4-ylJoxy)-S-[6-([5-[(3R)-3,4-

dirncthylpipcrazin-1-ylJ-6-mcthoxypyridin-2-ylJamino)pyrirnidin-4-ylJbcnzonitrilc

hydrochloride was obtained as orange solid (9 mg, 11 %). HPLC: 94.8 % purity, RT = 10.05

min. MS: mlz = 623.2 [M+H]'. 'H NMR (300 MHA, DMSO-d&) 8 9.02 (s, 1 H), 8.S2 (s, 2 H),

8.46-8.26 (m, 1 H), 7.97-7.76 (m, 1 H), 7.58-7.38 (m, 1 H), 7.23 (br s, 1 H), S.S 1-S.42 (m, 1 H),

4.70-4.40 (m, 1 H), 4.41-4.15 (m, 1 H), 4.00 (s, 3 H), 3.96-2.89 (m, 10 H), 2.83 (s, 3 H), 2.33-

1.68 (m, 2 H), 1.39 (d, J = 6.6 Hz, 3 H ), 1.23 (d, J = 6.4 Hz, 3 H).
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Example 75: 2-([3,3-difluoro-1-[(ZR)-Z-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-

[(3R)-3,4-dimethylpiperazin-l-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile hydrochloride

F

N
OH

0

N

N HABU DIEA,

N~ DMF, rt,zh
Method ACx

N 0
N 0 HCI

XX

Thc title compound was prepared from 2-[(3,3-difluoropipcridin-4-yl)oxy]-5-[6-([5-[(3R)-3,4-

dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile and (R)-2-

hydroxypropanoic acid using Method A. Thc final product was purified by prep-HPLC under the

following conditions: column, XBridge Shield RP18 OBD Column, 150 x 19 mm, 5 um; mobile

phase, acetonitrilc in water (with 0.05 % HCl), 18 c/o to 45 c/o gradient in 8 min; detector, UV 254

nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([S-[(3R)-3,4-

dimcthylpipcrazin-1-yl]-6-mcthoxypyridin-2-yl]amino)pyrimidin-4-ylJbcnzonitrilc

hydrochloride was obtained as orange solid (11 mg, 2.7 % 4 steps). HPLC: 92.3 % purity, RT =

10.04 min. MS: /Ft/z = 623.0 [M+HJ'. 'H NMR (300 MHz, DMSO-dh) 8 8.99 (s, 1 H), 8.56-8.46

(m, 1 H), 8.41-8.31 (m, 2 H), 7.86-7.76 (m, 1 H), 7.51-7.41 (m, 1 H), 7.19 (br s, 1 H), S.59-5.41

(m, 2 H), 4.58-4.41 (m, 1 H), 4.34-4.06 (m, 1 H). 3.97 (s, 3 H). 3.93-2.82 (m, 10 H), 2.79 (s, 3

H), 2.22-1.72 (m, 2 H), 1.36 (d, J = 6.4 Hz, 3 H), 1.20 (d, J = 6.6 Hz, 3 H).

Example 76: 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([6-methoxy-5-[4-(oxetan-3-

yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

N+F
N

Pd(OAc) BINAP, CB Cot
dioxaoe. 100'C toh

Method 28

F

Boc —N~

NH
N

P
c3

OCM,H 2 II
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Thc title compound was prcparcd 1'rom tert-butyl 4-(4-(6-aminopyrimidin-4-yl)-2-

cyanophenoxy)-3,3-difluoropipcridine-l-carboxylate, 1-(6-chloro-2-mcthoxypyridin-3-yl)-4-

(oxetan-3-yl)piperazine and (R)-2-hydroxypropanoic acid using Method 28, 35. The 1'inal

product was purified by p&cp-HPLC under the following conditions: column, Atlantis HJLIC

OBD Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L

NH&HCOs and 0.1% NHs.H20), 35% to 55% gradient in 8 min; detector, UV 254 nm. 2-[(3,3-

diiluoropiperidin-4-yl)oxy]-S-[6-([6-methoxy-S-[4-(oxeian-3-yl)piperazin-1-yl]pyridin-2-

ylJamino)pyrimidin-4-ylJbcnzonitrilc as a yellow solid (S mg, 8.9 % for 2 steps). HPLC: 99.2%

purity, RT = 3.21 min. MS: m/z = S79.3 [M+HJ'. 'H NMR (300 MHz, DMSO-t/o) 8 9.98 (s, 1 H),

8.71 (s, 1 H), 8.39-8.23 (m, 2 H), 8.20 (br s, 1 H), 7.64-7.S5 (m, 1 H), 7.33-7.23 (m, 1 H), 7.21-

7.11 (m, 1 H), 5.21-S.09 (m, 1 H), 4.61-4.38 (m, 4 H), 3.96 (s, 3 H), 3.S3-3.38 (m, 1 H), 3.24-

2.S1 (m, 9 H), 2.42-2.36 (m, 4 H). 2.10-1.73 (m, 2 H).

Example 77: 2-([3,3-difluoro-1-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

F

N
0

XJ "P'DH
OH

HAT Z DIEA
DMF, rt, 2 h

H Method A

Thc title compound was prepared from 2-[(3,3-difluoropipcridin-4-yl)oxy]-5-[6-([6-methoxy-S-

[4-(oxctan-3-yl)pipcrazin-1-ylJpyridin-2-yl]amino)pyrimidin-4-ylJbenzonitrile and (R)-2-

hydroxypropanoic acid using Method A. The final product was purified by prep-HPLC under the

following conditions: column. XBridge Prep OBD C18 Column, 1SO x 19 mm, S um; mobile

phase, aceioniirilc in water (with 10 mmol/L NH&HCOT and 0.1 % NHs.H20), 25 % to 45 %

gradient in 8 min; dctcctor, UV 254 nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]pipcridin-

4-yl]oxy)-5-[6-([6-methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-

ylJbenzoniirile was obtained as yellow solid (29 mg, 2.1 %o for 3 steps). HPLC: 99.6 %o purity,

RT = 3.61 min. MS: nt/z = 6S1.4 [M+H]+. 'H NMR (300 MHz, DMSO-Ch) 8 10.01 (s, 1 H), 8.73
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(s, 1 H), 8.43-8.28 (m, 2 H), 8.23 (s, 1 H), 7.69-7.60 (m, 1 H), 7.3S-7.25 (m, 1 H), 7.22-7.12 (m,

1 H), 5.40-5.33 (m, 1 H), 5.27-5.20 (m, 1 H), 4.62-4.38 (m, 5 H), 4.32-3.41 (m, 8 H), 3.01-2.95

(m, 4 H), 2.44-2.37 (m, 4 H), 2.24-1.72 (m, 2 H), 1.22 (d, J = 6.5 Hz, 3 H).

Example 78: 2-([3,3-dii1uoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

F

0

NJ
.XX.

HATU, DIEA,
DMF,tt,2h

Method A
NJ

The title compound was prepared 1'rom 2-[(3,3-diftuoropiperidin-4-yl)oxy]-S-[6-([6-methoxy-S-

[4-(oxetan-3-yl)pipcrazin-1-ylJpyridin-2-ylJamino)pyrimidin-4-yl]bcnzonitrilc and (S)-2-

hydroxypropanoic acid using Method A. The final product was purified by prep-HPLC under thc

following conditions: column, XBridge Shield RP18 OBD C18 Column, 150 x 19 rnm, S um;

mobile phase, acetonitrile in water (with 10 mmol/L NH&HCOs and 0.1 %o NH/AH20), 25 % to 45

%o gradient in 8 min; detector, UV 254 nm. 2-([3.3-diftuoro-l-[(2S)-2-

hydroxypropanoylJpipcridin-4-ylJoxy)-S-[6-([6-methoxy-S-[4-(oxetan-3-yl)pipcrazin-1-

ylJpyridin-2-ylJarnino)pyrimidin-4-ylJbcnzonitrilc was obtained as yellow solid (25 mg, 21 %).

HPLC: 99.S % purity, RT = 3.60 min. MS; nt/z = 651.5 [M+H]+. 'H NMR (300 MHz, DMSO-dd)

8 10.00 (s, 1 H), 8.72 (s, 1 H), 8.41-8.26 (m, 2 H). 8.22 (s, 1 H). 7.68-7.58 (m, 1 H), 7.33-7.23

(m, 1 H), 7.20-7.11 (m, 1 H), S.37-5.31 (m, 1 H). S.27-S.18 (m, 1 H), 4.60-4.39 (m, S H), 4.23-

3.40 (m, 8 H), 3.00-2.93 (rn, 4 H), 2.42-2.36 (m, 4 H), 2.24-1.73 (m, 2 H), 1.21 (d, J = 6.S Hz, 3

H).

Example 79: 2-[[(3R,4S)-3-fluoro-l-[(lH-1,2,3-triazol-5-yl)carbonyl]piperidin-4-yl]oxy]-5-

[6-([6-methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile
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Br

OMe

N+O
Pds(dhas)CHC(pn Davephos,

t-BuoNa, Tol, 60 oC,1 5 h

Method 53

OMe

NBS

DMF,-30 C,050

Method 29

Br 5 / N N O
NQ

OMe

Fe

C
Boc

N

Meo
)— N

O N N~/1 Br

Pdt(dha)s, Xantphcs
CstCO, dicxane.110 C 3 h

Method 37a

F; g.Bcc0'FA
DCM d 126

Method 35

"CNH

N N OMe

:,7i 'Q
HO F

HATU DIEA,
DMF, rt, 3 0

Method A N N OMe
H

Method 53

1-(2-methoxypyridin-3-yl)-4-(oxetan-3-yl)piperazine: To a solution of 3-bromo-2-

methoxypyridinc (1.81 g, 9.59 inmol) in tolucnc (SO mL) was added 1-(oxetan-3-yl)piperazine

(1.86 g, 13.06 mmol), Pdz(dba)3.CHC)3 (479 mg, 0.46 mmol), DavePhos (S78 mg, 1.47 mmol)

and I.-BuONa (1.41 g, 14.64 mmol) at room temperature. The resulting mixture was stirred for

1.S h at 60 "C. After the reaction was done, ihc solids in Ihe reaction mixture were iilicred oui

and the filtrate was conccntratcd under reduced pressure. Thc residue was purified by flash

chromatography eluting with EtOAC in hexane (0 % to 70 % gradient) to yield 1-(2-

meihoxypyridin-3-yl)-4-(oxcian-3-yl)piperazine as brown oil (1.28 g„54 ~/o). MS: m/2 = 2S0.1

[M+H]'.

2-[[(3R,4S)-3-fluoro-1-[(1H-1,2,3-triazol-5-yl)carbonyl]piperidin-4-yl]oxy]-5-[6-([6-

methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile:

Thc title compound was prepared from 1-(2-(ncthoxypyridin-3-yl)-4-(oxctan-3-yl)pipcrazinc,

NBS, (3R,4S)-tert-butyl 4-(4-(6-aminopyrimidin-4-yl)-2-cyanophenoxy)-3-fluoropipcridinc-1-
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carboxylate and 3H-1,2,3-triazolc-4-carboxylic acid using Method 29, 37a, 35 and A. The final

product was purified by prep-HPLC under thc following conditions: column, XBridge Prep C18

OBD Column, 1 SO x 19 mm, S um; mobile phase, acetonitrile in water (with 10 mmol/L

NHzHCO& and 0.1 % NH&.H20), 20 '/o to 32 '/o gradient in 8 min; dctccto&, UV 254 nm. 2-

[[(3R,4S)-3-fluoro-l-[(1H-1,2,3-triazo1-5-yl)carbonyl]pipcridin-4-yl]oxy]-5-[6-([6-)ncthoxy-5-

[4-(oxctan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile was obtained as

yellow solid (26 mg, 8.4 ~/o 1'or 4 steps). HPLC: 97.7 % puri(y, RT = 2.38 min. MS: rrr/z = 656.6

[M+H]'. 'H NMR (300 MHz, DMSO-dr) 8 9.99 (s, 1 H), 8.73 (s, 1 H), 8.40-8.26 (m. 2 H), 8.25-

8.16 (m, 2 H), 7.67-7.57 (m, 1 H). 7.34-7.25 (m, 1 H), 7.23-7.13 (m, 1 H), S.26-4.90 (m, 2.5 H),

4.63-4.26 (m, S.5 H), 3.98 (s, 3 H), 3.81-3.14 (m, 3 H), 3.02-2.93 (m, 4 H), 2.44-2.37 (m, 4 H),

2.12-1.86 (m, 2 H).

Example 80: 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([5-[(3S)-3,4-dimethylpiperazin-1-yl]-

6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

Brre HN N—

Pdz(dba,)CHCI,, Davephos,
t-BnoNa, rol, 70 *C, 3 h

Method 53

CN

N~ W ~ NHz
Boo

F
N~zN

Pdz(dba)zCHCIz Xantphos,
Cszccz, dioxane, I &0 'C, 3 h

Method 37a

0
F F CN

TFA

DCM, rt,2 h

F

HN+F
N

N N 0
H

Method 35

Thc title compound was prepared from 3-bromo-6-chloro-2-mcthoxypyridinc, (S)-1,2-

dimethylpiperazine and tert-butyl 4-(4-(6-aminopyrimidin-4-yl)-2-cyanophenoxy)-3,3-

difluoropipe&idinc-1-carboxyla(e using Method S3, 37a and 3S. The final product was purilied

by prep-HPLC under the following conditions; column, XBridge Prep Cl 8 OBD Column, 150 x

19 mm, 5 um; mobile phase, acetonitrile in water (with 10 m&nol/L NHzHCO& and 0.1'/o

130



WO 201 9/079375 PCT/t/52010/056192

NHs.H20), 25'/o to 55% gradient in 8 min; dctcctor, UV 254 nm. 2-[(3,3-difluoropipcridin-4-

yl)oxyJ-5-[6-([5-[(3S)-3,4-dimethylpiperazin-l-ylJ-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile was obtained as light yellow solid (8 mg, 4.1 % for 3 steps). HPLC: 99.3% purity,

RT = 4.38 min. MS: /0/z = 551.1 [M+HJ'.'H NMR (300 MHz, DMSO-ds) 8 9.97 (s, 1 H), 8.71

(s, 1 H), 8.39-8.24 (m, 2 H), 8.20 (br s. 1 H), 7.65-7.56 (in, 1 H), 7.30-7.20 (m, 1 H), 7.20-7.11

(m, 1 H), 5.23-5.10 (m, 1 H), 3.97 (s, 3 H), 3.27-2.52 (m, 9 H), 2.40-2.20 (m, 2 H), 2.20 (s, 3 H),

2.20-2.11 (m, 1 H), 2.06-1.99 (m, 1 H), 1.88-1.78 (m, 1 H), 1.01 (d, J = 6.1 Hz, 3 H).

Example 81: 2-(J'3,3-difluoro-1-[(2R)-2-hydroxyprupanoyl]piperidin-4-yl]uxy)-5-[6-([5-

[(3S)-3,4-dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile

F

0
N

OH

0

or'~
N

N N 0
H

HATU, DIEA
DMF, tt,zh
Method A X3'

N 0
H

Thc title compound was prepared from 2-[(3,3-difluoropipcridin-4-yl)oxy]-5-[6-([5-[(3S)-3,4-

dirncthylpipcrazin-1-ylJ-6-mcthoxypyridin-2-yl]amino)pyiimidin-4-ylJbcnzonitrilc and (R)-2-

hydroxypropanoic acid using Method A. The 1'inal product was purified by prep-HPLC under the

following conditions: column. XBridge Prep C18 OBD Column, 150 x 19 mm, 5 um; mobile

phase, acetonitrilc in water (with 10 mmol/L NH4HCOs and 0.1 % NHT.H20), 25 % to 55 %

gradient in 8 min; dctcctor, UV 254 nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoylJpipcridin-

4-yl]oxy)-5-[6-([S-[(3S)-3,4-dimethylpiperazin-l-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

ylJbenzonitrile was obtained as light yellow solid (29 mg, 0.8 % 4 steps). HPLC: 99.0 % purity,

RT = 5.34 min. MS: rn/z = 623.1 [M+H]+. 'H NMR (300 MHz, DMSO-ds) 8 9.99 (s, 1H), 8.73

(s, 1 H), 8.42-8.28 (rn, 2 H), 8.23 (s, 1 H), 7.70-7.60 (m, 1 H), 7.31-7.22 (rn, 1 H), 7.20-7.11 (m,

1 H), 5.39-5.33 (m, 1 H), 5.28-5.1 8 (m, 1 H), 4.56-4.45 (m, 1 H), 4.31-3.40 (m, 7 H), 3.28-3.12

(m, 2 H), 2.82-2.61 (m, 2 H), 2.41-2.10 (m, 7 H), 2.08-1.81 (m, 1 H), 1.22 (d, J = 6.5 Hz, 3 H),

1.01 (d, J = 6.1 Hz, 3 H).
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Example 82: 2-([3,3-difluoro-1-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([5-

[(3S)-3,4-dimethylpiperazin-1-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile

F

0
N

XQ]'
N 0

H

HD 0
HATU, DIEA,
DMF, rt,2h

Method A .Cx.

Thc title compound was prcparcd from 2-[(3,3-ditluoropipcr]din-4-yl)oxy]-5-[6-([5-[(3S)-3,4-

dimethylpipcrazin-1-yl]-6-mcthoxypyridin-2-yl]amino)pyrimidin-4-ylJbcnzonitrilc and (S)-2-

hydroxypropanoic acid using Method A. The 1'inal product was purilied hy prep-HPLC under the

1'ollowing conditions: column, XBridge Shield RP18 OBD Column, 150 x 19 mm, 5 um; mobile

phase, acctonitrile in water (with 10 mmol/L NHAHCOs and 0.1 % NHAH20), 25 % to 55 %

gradient in 8 min; detector, UV 254 nm. 2-([3,3-difluoro-l-[(2S)-2-hydroxypropanoyl]pipcridin-

4-yl]oxy)-5-[6-([S-[(3S)-3,4-dimethylpiperazin-l-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile was obtained as light yellow solid (30 mg, 27 %). HPLC; 98.00 % purity, RT =

5.33 min. MS; rrt/z = 623.1 [M+HJ+. 'H NMR (300 MHz, DMSO-Ch) 8 9.98 (s. 1 H), 8.72 (s. 1

H), 8.42-8.27 (m, 2 H), 8.22 (s, 1 H), 7.69-7.59 (m, 1 H), 7.30-7.21 (rn, 1 H), 7.20-7.10 (m, 1 H),

5.39-5.30 (m, 1 H), 5.27-5.19 (m, 1 H), 4.55-4.44 (m, 1 H), 4.32-3.52 (m, 7 H), 3.27-3.11 (m, 2

H), 2.81-2.60 (m, 2 H), 2.40-1.71 (m, 8 H), 1.22 (d, J = 6.5 Hz, 3 H), 1.01 (d, J = 6.1 Hz, 3 H).

Example 83: 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([6-methoxy-5-[1-(oxetan-3-

yl)piperidin-4-yl]pyridin-2-yl]oxy)pyrimidin-4-yl]benzonitrile
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F
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dioxehe HzO 100'0 12 h

Method 5
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DCM rt 2h

Method 35

~OAc NeBH(OAc),
DCM d 12(

Method 55

F

~N+5
0

N

N OMe

N OMe

The title compound was prepared 1'rom 6-methoxy-5-(piperidin-4-yl)pyridin-2-amine, oxetan-3-

onc, tctt-butyl 4-(4-(6-ch)oropyrimidin-4-y))-2-cyanophcnoxy)-3.3-difluoropipcridinc-l-

carboxylate using Method S, 55, 28 and 35. The final product was purified by prep-HPLC under

the following conditions; column, Atlantis HILIC OBD Column, 150 x 19 mm, 5 um, mobile

phase, acetonitrile in water (with 10 mmol/L NHAHCOs and 0.1% NHs.H20), 35% to 65%

gradient in 8 min; detector, UV 254 nm. 2-[(3.3-ditluoropiperidin-4-yl)oxy]-5-[6-([6-methoxy-5-

[I-(oxctan-3-yl)pipcridin-4-ylJpyridin-2-ylJamino)pyrimidin-4-ylJbcnzonitrilc was obtained as

white solid (8 mg, 2.5 % for 4 steps). HPLC: 99.2% purity, RT = 3.49 min. MS: nt/z = 578.4

[M+H]'.'H NMR (300 MHz, DMSO-dh) 8HPLC; 99.2 % purity, RT = 3.49 min. MS: m/z =

578.4 [M+H]+. I H NMR (300 MHz, DMSO-d6) 8 10.13 (s, I H), 8.76 (s, I H), 8.42-8.26 (m, 3

H), 7.69-7.52 (m, 2 H), 7.20-7.10 (m, 1 H), 5.23-5.14 (ru, 1 H), 4.59-4.38 (m, 4 H), 3.99 (s, 3 H),

3.46-3.35 (m, I H), 3.24-2.64 (m, 7 H), 2.55-2.50(m,l H), 2.07-2.01 (m, I H), 1.92 -1.78 (m, 3

H). 1.76-1.60 (m, 4 H).

Example 84: 2-([3,3-difluoro-1-[(2S)-2-hydroxypropanoyi]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[1-(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile
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The title compound was prepared from 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-(J 6-methoxy-6-

[1-(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]oxy)pyrimidin-4-yl]benzonitrile and (S)-2-

hydroxypropanoic acid using Method A. Thc final product was purified by prep-HPLC under the

following conditions: column, XBridge Shield RP18 OBD Column, 1SO x 19 mm, 5 um; mobile

phase, acetonitrile in water (with 10 mmol/L NH&HCOs and 0.1 % NHs.H20), S5 % to 85 %

gradient in 8 min; detector, UV 2S4 nm. 2-([3,3-dilluoro-l-[(28)-2-hydroxypropanoyl]piperidin-

4-ylJoxy)-S-[6-([6-methoxy-S-[1-(oxctan-3-yl)pipcridin-4-yl]pyridin-2-yl]amino)pyrimidin-4-

ylJbenzonitrile was obtained as white solid (11 mg, 1.6 % for 5 steps). HPLC: 99.8 % putity, RT

= 4.21 min. MS: nu'- = 650.S [M+H]'. 'H NMR (300 MHz, DMSO-dq) 8 10.1S (s, 1 H), 8.77 (s,

1 H), 8.44-8.29 (m, 3 H), 7.70-7.SS (m, 2 H), 7.19-7.10 (m, 1 H), S.40-S.33 (m, 1 H), 5.28-S.20

(m, 1 H), 4.60-4.39 (m, 5 H), 4.21-3.48 (m, 7 H). 3.46-3.37 (m, 1 H), 2.85-2.6S (m, 3 H), 2.30-

1.91 (m, 2 H), L91-LS6 (m, 6 H), 1.22 (d, J = 6.5 Hz, 3 H).

Example 85: 2-([3,3-diiluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([4-[4-

(oxetan-3-yl)piperazin-1-yl]phenyl]amino)pyrimidin-4-yl]benzonitrile
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Thc title compound was prepared from 5-(6-chloropyrimidin-4-yl)-2-fluorobenzonitrile, 4-(4-

(oxetan-3-yl)piperazin-l-yl)benzenamine, tert-butyl 3,3-difluoro-4-hydroxypiperidine-l-

carboxylatc and (S)-2-hydroxypropanoic acid using Method 34a, E, 35 and A. Thc final product

was purified by prep-HPLC under the following conditions: column, XBridgc Prep C18 OBD

Column, 150 x 19 mm, 5 um„mobile phase, acetonitrile in water (with 10 mmol/L NHAHCOs

and 0.1 ~/o NHT.H20), 27 % to 32 % gradient in 8 min; detector, UV 2S4 nm. 5-[6-([5-[(2R,6S)-

2,6-dimcthylmorpholin-4-yl]-6-methoxypyridin-2-yl]amino)pyrimidin-4-yl]-2-(oxan-4-

yloxy)bcnzonitrilc was obtained as off-white solid (27 mg, 3.1 % for 4 steps). HPLC: 97.6 %

purity, RT = 6.25 min. MS: Frr/z = 620.2 [M+H]+. 'H NMR (300 MHz, DMSO-dh) 5S 9.47 (s, 1 H),

8.63 (s, 1 H), 8.40-8.26 (m, 2 H), 7.69-7.59 (m, 1 H), 7.S5-7.4S (m, 2 H), 7.14 (s, 1 H), 7.01-6.92

(m, 2 H), 5.39-S.32 (m, 1 H), S.29-5.19 (m, 1 H). 4.64-4.44 (m, S H), 4.3S-3.39 (m, S H), 3.19-

3.09 (m, 4 H), 2.48-2.38 (rn, 4 H), 2.27-1.77 (m, 2 H), 1.24 (d, J = 6.5 Hz, 3 H).

Example 86: 2-([3,3-dilluoro-1-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([4-[4-

(oxetan-3-yl)piperazin-1-yl]phenyl]amino)pyrimidin-4-yl]benzonitrile
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Method A J
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The title compound was prepared from 2-[(3,3-difluoropiperidin-4-yl)oxy]-5-[6-([4-[4-(oxetan-

3-yl)piperazin-1-yl]phenyl]amino)pyrimidin-4-yl]henzoniirile and (R)-2-hydroxypropanoic acid

using Method A. The final product was purified hy prep-HPLC under ihe 1'ollowing conditions:

column, XBridge Prep C18 OBD Column. 150 x 19 mm, S um; mobile phase, acetonitrile in

water (with 10 mmol/L NH4HCOS and 0.1 % NHS.H20), 27 % to 32 % gradient in 8 min;

detector, L)V 254 nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-S-[6-

([4-[4-(oxeian-3-yl)piperazin-1-yl]phenyl]amino)pyrimidin-4-yl]benzoniirile was obtained as

yellow solid (20 mg, 28 %). HPLC: 98.6 % purity. RT = 3.21 min. MS: rn/2 = 620.2 [M+H]'. 'H

NMR (300 MHz, DMSO-dd) (5 9.45 (s, 1 H), 8.62 (s, 1 H), 8.39-8.25 (m, 2 H), 7.67-7.S8 (m, 1

H), 7.53-7.43 (m, 2 H), 7.13 (s, 1 H), 7.00-6.90 (m, 2 H), 5.38-S.31 (m, 1 H), 5.27-5.18 (m, 1 H),

4.63-4.42 (m, S H), 4.3S-3.38 (m, S H), 3.18-3.08 (m, 4 H), 2.46-2.36 (m, 4 H), 2.23-1.7S (m, 2

H). 1.22 (d, J = 6.5 Hz, 3 H).

Example 87: 6-[(6-[3-cyano-4-[(oxan-4-yl)amino]phenyl]pyrimidin-4-yl)amino]-2-methoxy-

N,N-dimethylpyridine-3-carhoxamide

 NH

B
0 0

(,1„
Pd(PCYa)toit Natcoa

dioxane Hto, 100 'C, 18 h

Method S

Pd(PPha)acatCoa
dioxane, 120'C 3 h

Method 34a
N OMe

The title compound was prepared from 2-(tetrahydro-2H-pyran-4-ylamino)-S-(4,4,5,S-

ieiramethy1-1,3,2-dioxaborolan-2-yl)henzoniirile, 6-chloropyrimidin-4-amine, and 6-chloro-2-

methoxy-N,N-dimethylnicoiinamide using Method S and 34a. The final product was purified by
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prcp-HPLC under thc following conditions: column, XBridge Prep C18 OBD Column, 1SO x 19

mm, 5 um, mobile phase, acetonitrile in water (with 10 mmol/L NHqHCOs and 0.1 % NH;.H20),

20 % to S3 % gradient in 7 min; detector, UV 254 nm. 6-[(6-[3-cyano-4-[(oxan-4-

yl)amino]phcnylJpyrimidin-4-yl)amino]-2-methoxy-N,N-dimcthylpyridine-3-carboxamidc was

obtained as off-white solid (25 mg. 17 % for 2 steps). HPLC: 98.1 % purity, RT = 0.98 min. MS:

r/I/z = 474.1 [M+HJ+. 'H NMR (300 MHz, DMSO-Ch) 8 10.28 (s, I H), 8.73 (s, I H), 8.32 (s, I

H), 8.18 (s, 1 H), 8.14-8.03 (m, I H), 7.67-7.57 (m, 1 H), 7.27-7.17 (m, 1 H), 7.12-7.02 (m, I H),

6.37-6.28 (m, I H), 4.02 (s, 3 H), 3.95-3.8S (m, 2 H), 3.80-3.71 (m, 1 H). 3.S0-3.35 (m, 2 H),

2.97 (s. 3 H), 2.84 (s. 3 H), 1.90-1.79 (m, 2 H), 1.74-1.S4 (m, 2 H).

Example 88: 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-yl]amino)-N-(2-

hydroxyethyl)-2-methoxypyridine-3-carboxamide:

QQ

0

~OH
HtN

HATU, DIEA,
DMF, rt,2h
Method A

0

XXi
"

N N OMe
H

Thc litle compound was prepared from 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

ylJamino)-2-mcthoxypyridinc-3-carboxylic acid and 2-aminoelhan-1-ol using Method A. Thc

final product was purified by prep-HPLC under the following conditions: colutnn, Atlantis

HILIC OBD Column, 150 x 19 mm, 5 um, mobile phase, acetonitrile in water (with 10 mmol/L

NH4HCOs and 0.1 % NHs.H20)„20 % Io 47 % gradienI. in 8 min; dclcctor, UV 2S4 nm. 6-([6-[3-

cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-ylJamino)-N-(2-hydroxycthyl)-2-methoxypyridine-

3-carboxamidc was obtained as a white solid (28 mg, 20 %). HPLC: 96.8 % purity, RT = 4.92

min. MS: nv'~ = 491.0 [M+H]+. 'H NMR (300 MHz, DMSO-ds) 8 10.S7 (s, I H), 8.83 (s, I H),

8.47 (s, I H), 8.42-8.27 (m, 2 H), 8.29-8.11 (m, 2 H), 7.54 (d, J = 9.1 Hz, 1 H), 7.23 (d, J = 8.4

Hz, I H), 4.97-4.90 (m, I H), 4.8S-4.78 (m, 1 H), 4.13 (s, 3 H), 3.9S-'3.81 (m, 2 H), 3.63-3.47 (m,

4 H), 3.44-3.34 (m, 2 H), 2.10-1.99 (In, 2 H), 1.78-1.61 (m, 2 H).
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Example 89: 6-((6-(3-cyano-4-((tetrahydro-2H-pyran-4-yl)oxy)phenyl)pyrimidin-4-

yl)amino)-2-methoxy-N-(quinuclidin-3-yl)nicotinamide:

0

~N~
N

N

0 HATU, DIEA,
DMF, rt,26

OH
Method A

N OMe

QQ

Thc title compound was prcparcd from 6-([6-[3-cyano-4-(oxan-4-yloxy)phcnylJpyrimidin-4-

ylJamino)-2-methoxypyridinc-3-carboxylic acid and l-azabicyclo[2.2.2Joctan-3-amine using

Method A. The final product was purii'ied by prep-HPLC under ihe following conditions:

column, XBridge Prep OBD C)8 Column, 150 x 19 mm, S um; mobile phase, acetonitrile in

water (with 10 mmol/L NHxHCO1 and 0.1 ~/ri NHs.H20), 2S ~/ri to 5S ~/ri gradient in 8 min;

dctcctor, UV 254 nm. 6-((6-(3-cyano-4-((tetrahydro-2H-pyran-4-yl)oxy)phenyl)pyrimidin-4-

yl)amino)-2-methoxy-N-(quinuclidin-3-yl)nicotinamide was obtained as a white solid (2S mg, 19

lo). HPLC: 97.7 lo purity, RT = 4.64 min. MS: nr/2 = 556.1 [M+HJ'. 'H NMR (300 MHz,

DMSO-d6) 6 10.56 (s, 1 H), 8.83 (s, 1 H), 8.48 (s, 1 H), 8.42-8.28 (m, 2 H), 8.19-8.02 (m, 2 H),

7.59-7.50 (m, 1 H), 7.27-7.18 (m, 1 H), 4.96-4. 89 (m, 1 H), 4.14 (s, 3 H), 4.02-3.80 (m, 3 H),

3.62-3.49 (m, 2 H), 3.24-3.10 (m, 1 H), 2.80-2.6S (m, 4 H), 2.58-2.S1 (m, 1 H), 2.10-1.99 (m, 2

H). 1.91-1.84 (m, 1 H), 1.77-1.4S (m, 5 H), 1.44-1.37 (m, 1 H).

Example 90: 5-(6-[[6-methoxy-5-([3-oxa-9-azabicyclo[3.3.1]nonan-9-yl]carbonyl)pyridin-2-

yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzonitrile:

QQ
N

O~N ~

HATU, DIEA,
DMF, rt, 2 h

Method A

QQ
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Thc title compound was prcparcd 1'rom 6-([6-[3-cyano-4-(oxan-4-yloxy)phenyl]pyrimidin-4-

yl]amino)-2-mcthoxypyridinc-3-carboxylic acid and 3-oxa-9-azabicyclo[3.3.1]nonane using

Method A. The final product was purii'ied by prep-HPLC under the following conditions:

column, XBridge Prep OBD C18 Column, 150 x 19 mm, 5 um; mobile phase, acetonitrile in

water (with 10 mlnol/L NH&HCOs and 0.1 '/0 NH1.H20), 20 '/0 to SO '/0 gradient in 8 lnin;

detector, UV 254 nm. 5-(6-[[6-methoxy-5-([3-oxa-9-azabicyclo[3.3.1]nonan-9-

yl]carbonyl)pyridin-2-yl]amino]pyrimidin-4-yl)-2-(oxan-4-yloxy)benzoniirile was obtained as a

light yellow solid (23 mg, 33 '/0). HPLC: 93.8 '/0 purity, RT = 5.78 min. MS: m/z = S57.1

[M+H]'. 'H NMR (300 MHz. DMSO-dh) 8 10.43 (s, 1 H), 8.8S-8.78 (m, 1 H), 8.44 (s, 1 H),

8.42-8.26 (m, 2 H), 7.75-7.6S (m, 1 H), 7.60-7.50 (m, 1 H), 7.23 (d, J = 8.0 Hz, 1 H), 4.99-4.87

(m, 1 H), 4.41 (br s, 1 H), 4.02 (s, 3 H), 3.99-3.76 (m, 4 H), 3.74-3.49 (m, 4 H), 2.51-2.40 (m, 1

H), 2.1S-1.96 (m, 2 H), 1.93-1.47 (m, 8 H).

Example 91: 2-[[(4S)-3,3-difluoro-1-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-

methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile &

Example 92: 2-[[(4R)-3,3-difluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-

methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile:

0

~N+F
N

0

PN+F
N

i. XY~.'
N N 0

0

~N+F
N'i...Cxi.'hc

iwo diasiereomcrs were obtained by separation on chiral prep-HPLC under ihe following

condition: column, CHIRALPAK IA-3, 0.46 x 5 crn, 3 um; rnobilc phase, hexane:DCM:EtOH =

S:1:6 (with 0.1% DEA), isocratic for 30 min; detector, UV 2S4 nm.

Example 91: (101 lng, 26/0, light yellow solid) HPLC: 95.9 /0 purity, RT = 3.93 min. MS: Pll/2

= 651.1 [M+H]'. 'H NMR (400 MHz, DMSO-ds, ppm) 8 9.97 (s, 1 H), 8.70 (s, 1 H), 8.40-8.28

(m, 2 H), 8.19- 8.04 (m, 1 H), 7.66-7.S8 (m, 1 H), 7.31-7.23 (m, 1 H), 7.23-7.14 (m, 1 H), 5.38-

S.23 (m, 2 H), 4.60-4.41 (m, 5 H), 4.30-4.00 (m, 1 H), 3.9S (s, 3 H), 3.89-3.69 (m, 3 H), 3.49-

3.26 (m, 1 H), 3.03-2.90 (m, 4 H), 2.45-2.33 (m, 4 H), 2.25-1.75 (m, 2 H), 1.21 (d, J = 6.1 Hz, 3

H).
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Example 92: (105 mg, 27%, yellow solid) HPLC: 97.5 'k purity, RT = 3.93 min. MS: nv'z =

651.1 [M+H]'. 'H NMR (400 MHz, DMSO-dq, ppm) 8 10.00 (s, 1 H), 8.73 (s, 1 H), 8.41-8.29

(m, 2 H), 8.23 (s, 1 H), 7.68-7.61 (m, 1 H), 7.33-7.26 (m, 1 H), 7.21-7.14 (m, 1 H), S.44-S.19 (m,

2 H), 4.61-4.41 (rn, 5 H), 4.27-4.02 (m, 1 H), 3.98 (s, 3 H), 3.94-3.41 (m. 4 H), 3.01-2.94 (rn, 4

H). 2.43-2.38 (m, 4 H), 2.25-1.83 (m, 2 H), 1.23 (d, 1 = 6.5 Hz. 3 H).

2-[[(4S)-3,3-difluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-methoxy-5-

[1-(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile & 2-[[(4R)-

3,3-difluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-methoxy-5-[1-

(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

0

~N+F
carel aeaaratcc

0

PN+ r

0

~N+r

N 0

Example 93: 2-[[(4S)-3,3-diiluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-

methoxy-5-[1-(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile

& Example 94: 2-[[(4R)-3,3-difluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-

([6-methoxy-5-[1-(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-

yl]benzonitrile: The two diastereomers were obtained by separation on chiral prep-HPLC under

the following condition: column, CHIRALPAK ID-3, 0.46 x 10 cm, 3 um; mobile phase,

MIBE(with 0.1% DEA): MeOH = 9S: 5, isocratic for 2S min; dctcctor. UV 2S4 nm.

Example 93: (72 mg, 230k, white solid) HPLC: 94.50k purity, RT = 4.20 min. MS: vv'z = 6S0.1

[M+H]'. 'H NMR (400 MHz, DMSO-dq, ppm) 8 10.13 (s, 1 H), 8.77 (s, 1 H), 8.45-8.29 (tn, 3

H), 7.68-7.S6 (m, 2 H), 7.18-7.11 (m, 1 H), 5.38-S.33 (m, 1 H), S.26-5.19 (m, 1 H), 4.60-4.39 (m,

S H), 4.28-3.51 (m, 7 H), 3.45-3.38 (m, 1 H), 2.86-2.67 (m, 3 H), 2.2S-1.91 (m, 2 H), 1.90-1.80

(m, 2 H), 1.73 -1.S3 (m, 4 H), 1.22 (d, J = 6.4 Hz, 3 H).

Example 94: (82 mg, 260r0, white solid) HPLC: 96.S% purity, RT = 4.20 min. MS: m/z = 650.2

[M+H]'. 1H NMR (400 MHz, DMSO-d6, ppm) 8 10.13 (s, 1 H), 8.77 (s, 1 H), 8.43-8.30 (m, 3

H)a 7.69-7.56 (m, 2 H). 7.18-7.11 (m, 1 H), 5.38-5.33 (m, 1 H)a S.24-5.18 (m, 1 H). 4.61-4.36 (ma

140



WO 2019/079375 PC T/t) 5201 0/0561 92

S H), 4.28-3.51 (m, 7 H), 3.46-3.36 (m, 1 H), 2.87-2.63 (m, 3 H), 2.23-1.94 (m, 2 H), 1.93-1.79

(m, 2 H), 1.75-1.54 (m, 4 H), 1.23 (d, J = 6.S Hz, 3 H).

Example 95: 2-[[(4S)-3,3-difluoro-1-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-

methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile &

Example 96: 2-[[(4S)-3,3-dii'luoro-1-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-

methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile:

0

'PN+F
N

~,Q
'i: XYi.'

)]
N

FN FN F Pa rat an

0

"pN+F
N

i: XY~.'
N N 0
N

0

'P N+F
NN

N

Thc two diastcrcomcrs werc obtained by separation on chiral prep-HPLC under thc following

condition: column, CHIRAL Cellulose-SB, 0.46 x 10 cm, 3 um; mobile phase, Hexane (with 20

mM NH1H20): EtOH = 50: 50, isocratic for 25 min; detector, UV 254 nm.

Example 95: (92 mg, 31%0, white solid) HPLC: 96.1 0lo purity, RT = 4.00 min. MS: ntlz = 651.3

[M+H]'. 'H NMR (300 MHz, DMSO-dq, ppm) 8 9.98 (s, 1 H), 8.71 (s, 1 H), 8.42-8.27 (m, 2 H),

8.21 (s, 1 H), 7.67-7.S8 (m, 1 H), 7.32-7.23 (m, 1 H), 7.20-7.11 (m, 1 H), 5.36-S.30 (m, 1 H),

S.2S-S.16 (m, 1 H), 4.60-4.39 (m, S H), 4.30-3.42 (m, 8 H), 2.99-2.93 (m, 4 H), 2.42-2.3S (m, 4

H). 2.24-1.76 (m, 2 H), 1.20 (d, J= 6.5 Hz, 3 H).

Example 96: (96 mg, 32%0, white solid) HPLC: 99.4% purity, RT = 3.93 min. MS: /nlz = 651.S

[M+H]'. 'H NMR (300 MHz. DMSO-ds, ppm) 8 9.98 (s, 1 H), 8.70 (s, 1 H), 8.40-8.26 (m, 2 H),

8.19 (s. 1 H), 7.66-7.56 (m, 1 H), 7.32-7.22 (m, 1 H), 7.20-7.10 (m, 1 H). S.36-S.30 (m, 1 H),

5.27-5.18 (m, 1 H), 4.61-4.38 (m, 5 H), 4.23-3.41 (m, 8 H), 2.99- 2.92 (m, 4 H), 2.41-2.35 (m, 4

H), 2.21-1.69 (m, 2 H), 1.20 (d, J = 6.4 Hz, 3 H).

Example 97: 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]piperidin-4-yl]oxy)-5-[6-([6-

methoxy-5-[1-(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile:
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F

HN+F
0

zx..
HATU, DIEA,
DMF rt dh
Method A

0

'N+F
N

N 0

Thc title compound was prcparcd from 2-[(3,3-difluoropipcridin-4-yl)oxy]-5-[6-([6-rncthoxy-5-

[1-(oxctan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-ylJbenzonitrile and (2R)-2-

hydroxypropanoic acid using Method A. The 1'inal product was purified by prep-HPLC under the

following condition: column, XBridge Prep OBD C18 Column, 150 x 30 mm, 5 um; mobile

phase, acctonitrile in water (with 10 mmol/L NHAHCOs and 0.1 % NH t.H20), 30% to 45%

gradient in 8 min; detector, UV 254 nm. 2-([3,3-difluoro-l-[(2R)-2-hydroxypropanoyl]pipcridin-

4-yl]oxy)-5-[6-([6-methoxy-5-[1-(oxetan-3-yl)piperidin-4-yl]pyridin-2-yl]amino)pyrimidin-4-

ylJbcnzonitrilc was obtained as a white solid (26 mg, 33%). HPLC: 97.9% purity, RT = 3.16

min. MS: rm'z = 650.1[M+HJ'. 'H NMR (400 MHz, DMSO-Ch, ppm) 8 10.14 (s, 1 H), 8.79-8.74

(m, 1 H), 8.43-8.30 (m, 3 H), 7.69-7.56 (m, 2 H), 7.18-7.11 (m, 1 H), 5.38-5.34 (m, 1 H), 5.27-

S.18 (m, 1 H), 4.S8-4.40 (m, 5 H), 4.27-4.03 (m, 1 H), 3.99 (s, 3 H), 3.93-3.S2 (m, 2 H), 3.46-

3.3S (m, 1 H), 2,83- 2.67 (m. 3 H), 2.24-1.94 (m, 2 H), 1.90-1.80 (m, 2 H), 1.75-1.58 (m, 4 H).

1.22 (d, J = 6.5 Hz, 3 H).

Example 98: 2-((R)-3,3-difluoro-l-((R)-2-hydroxypropanoyl)piperidin-4-yloxy)-5-(6-(6-

methoxy-5-((S)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl)pyridin-2-ylamino)pyrimidin-4-

yl)benzonitrile el'6 Example 99: 2-((S)-3,3-difluoro-1-((R)-2-hydroxypropanoyl)piperidin-4-

yloxy)-5-(6-(6-methoxy-5-((S)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl)pyridin-2-

ylamino)pyrimidin-4-yl)benzonitrile:

0

Pe+ e
N

~,D

0

'J NQF
e N

i.. gi,'

PN+F
N
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Thc title compounds were obtained by separation on chiral prep-HPLC under thc following

condition: column, CHIRAL Cellulose-SB, 0.46 x 10 cm, 3 um; mobile phase, 70% hexane (with

20 mM NH3H30 ) in EiOH, isocratic lor 25 min; detector, UV 254 nm.

Example 98: (99 mg, 45%, yellow solid) HPLC: 99.4% purity, RT = 4.20 min. MS: m/- = 665.0

[M+H]'. 'H NMR (300 MHz, DMSO-do, ppm) 8 10.08 (s, 1 H), 8.73 (s, 1 H), 8.42-8.27 (m, 3

H), 7.68-7.S8 (m, 1 H), 7.43-7.33 (m, 1 H), 7.18-7.08 (m, 1 H), S.36-5.33 (m, 1 H), S.27-S.18 (m,

1 H), 4.58-4.36 (rn, 5 H), 4.18-3.34 (m, 9 H), 3.07-3.00 (rn. 1 H), 2.82-2.75 (rn, 1 H), 2.59-2.53

(m, 2 H), 2.31-1.88 (m, 4 H), 1.20 (d, / = 6.3 Hz, 3 H), 0.81 (d, / = 6.2 Hz, 3 H).

Example 99: (99 mg, 4S%o, light yellow solid) HPLC: 99.4% purity, RT = 4.20 min. MS; tn/z =

66S.O [M+HJ'. 'H NMR (300 MHz, DMSO-ds. ppm) 8 10.08 (s, 1 H), 8.73 (s, 1 H), 8.42-8.27

(m, 3 H), 7.68 -7.58 (m, 1 H), 7.43-7.33 (m, 1 H), 7.18-7.09 (m, 1 H), 5.36-5.33 (m, 1 H), 5.25-

S.16 (m, 1 H), 4.60-4.36 (m, 5 H), 4.18-3.34 (m, 9 H), 3.06-3.00 (m, 1 H), 2.82-2.7S (m, 1 H),

2.59-2.S3 (m, 2 H), 2.33-1.69 (m, 4 H), 1.20 (d, J = 6.S Hz, 3 H), 0.81 (d, J = 6.2 Hz, 3 H).

Example 100: 5-[6-([6-methoxy-5-[4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-

yl)amino)pyrimidin-4-yl]-2-(oxan-4-yloxy)benzonitrile:

NC

OMe

Pdz(dba)s, Xaotphos, Cszcos,
DMF, 1 10 oC, sh

Method 37a

N N OMe
H

The i.i(le compound was prepared ( 250 mg. S4%) as in Example 1 using 5-(6-Amino-pyrimidin-

4-yl)-2-(tctrahydro-pyran-4-yloxy)-bcnzonitrilc (2S0.00 rng; 0.84 nunol; 1.00 cq.), 1-(6-Bromo-

2-methoxy-pyridin-3-yl)-4-oxetan-3-yl-piperazine (276.90 mg; 0.84 mmol; 1.00 eq.), Xantphos

(184.32 mg; 0.28 mmol; 0.33 cq.). Cs2CO3 (578.71 mg; 1.69 mmol; 2.00 cq.) and

Pd2(dba)3CHC13 (101.12 mg; 0.09 mmol; 0.11 eq.) in N,N-Dimethyl-lormamidc (20.00 ml).

HPLC: 100% purity, RT = 1.97 min. MS: m/z = 544.9 [M+HJ', 'H NMR (400 MHz,

Chloroform-d) 8 8.77 (s, 1H), 8.27 (d, J = 7.3 Hz, 2H), 8.09 (s, 1H), 7.83 — 7.77 (m, 1H), 7.24 (d,

J = 8.1 Hz, 1H), 7.09 (d, J = 9.1 Hz, 1H), 6.92 (d. J = 8.1 Hz. 1H), 4.72 (m, J = 6.4 Hz, 5H), 4.12
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— 4.00 (m, 4H), 4.04 (s, 3 H) 3.73 — 3.59 (m, 5H), 3.14 (br s, 2H), 2.59 (br s, 2H), 2.17 — 2.04 (m,

2H), 1.94 (m, 2H).

Example 101: 2-[[(4S)-3,3-difluoro-l-[(2S)-2-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-

([6-methoxy-5-[(ZS)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-

4-yl]benzonitrile & Example 102: 2-[[(4R)-3,3-difluoro-1-[(ZS)-2-

hydroxypropanoyl]piperidin-4-yl]oxy]-5-] 6-([6-methoxy-5-[(2S)-2-methyl-4-(oxetan-3-

yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile:

0

~N+F
0

N

0

~N+F
'0

N

Thc title compounds werc obtained by separation on cbiral prep-HPLC under thc following

condition: column, ChiraPAK ID-3, 0.46 x S cm, 3 um; mobile pbasc, hcxanc: DCM: EtOH =

5: 1: 6, isocratic for 25 min; detector, UV 2S4 nrn.

Example 101: (110 mg, 20/0, light. yellow solid) HPLC: 96.0 k purit.y, RT = 4.18 min. MS: I/2
= 665.2 [M+H]'. 'H NMR (300 MHz, DMSO-ds, ppm) 8 10.09 (s, 1 H), 8.84-8.72 (m, 1 H),

8.49-8.29 (m, 3 H), 7.72-7.60 (m, 1 H), 7.47-7.33 (m, 1 H), 7.25-7.12 (m, 1 H), 5.40-5.36 (m, 1

H), 5.29-5.18 (m, 1 H), 4.68-4.36 (m, S H), 4.23-3.3S (m, 9 H), 3.17-2.99 (m, 1 H), 2.89-2.70 (m,

1 H), 2,64-2.39 (m, 2 H), 2.36-1.82 (m, 4 H), 1.24 (d, J = 6.4 Hz, 3 H), 0.84 (d, J = 6.2 Hz, 3 H).

Example 102: (110 mg, 20%, light yellow solid) HPLC: 96.9% purity, RT = 4.19 min. MS: //t/z

= 66S.2 [M+H]'. 'H NMR (400 MHz, DMSO-dq, ppm) 8 10.08 (s, 1H), 8.75-8.73 (m, 1 H), 8.43-

8.29 (m, 3 H), 7.69-7.61 (m, 1 H). 7.43-7.36 (m, 1 H), 7.19-7.12 (m, 1 H), S.40-5.36 (m, 1 H).

5.24-5.17 (m, 1 H), 4.60-4.40 (m, 5 H), 4.23-3.35 (m, 9 H), 3.10-3.02 (m, 1 H), 2.86-2.76 (m, 1

H), 2.60-2.42 (m, 2 H), 2.37-1.73 (m, 4 H), 1.23 (d, J = 6.4 Hz, 3 H), 0.83 (d, J = 6.2 Hz, 3 H).

Example 103: 2-[[(4S)-3,3-difluoro-l-[(2S)-Z-hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-

([6-methoxy-5-[(2R)-2-methyl-4-(oxetan-3-yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-

4-yl]benzonitrile & Example 104: 2-[[(4R)-3,3-difluoro-l-[(ZS)-2-

144



WO 2019/079375 PCT/I/52010/056192

hydroxypropanoyl]piperidin-4-yl]oxy]-5-[6-([6-methoxy-5-[(2R)-2-methyl-4-(oxetan-3-

yl)piperazin-1-yl]pyridin-2-yl]amino)pyrimidin-4-yl]benzonitrile:

0
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Thc title compounds werc obtained by separation on chiral prep-HPLC under thc following

condition: column, CHIRALPAK AD-3. 3 x 100 cm, 3 um; mobile phase, CO2 'IPA (0.1'/0

DEA) = 60: 40, isocratic for 1S min; dctcctor, UV 254 nm.

Example 103: (126 mg, 50'/0, yellow solid) HPLC: 97.3 % purity, RT = 4.14 min. MS; nt/z =

66S.1 [M+H]'. 'H NMR (300 MHz, DMSO-da ppm) 0S 10.07 (s, 1 H), 8.73 (s, 1 H), 8.43-8.2S (m,

3 H), 7.67-7.58 (m, 1 H), 7.42-7.33 (m, 1 H), 7.18-7.09 (m, 1 H), 5.37-5.31 (m, 1 H), 5.22 (d, J =

6.9 Hz, 1 H), 4.S9-4.36 (m, S H), 4.19-4.13 (m, 1 H), 3.96 (s, 3 H), 3.90-3.3S (m, S H), 3.06-3.00

(m, 1 H), 2.82-2.76 (m, 1 H), 2.60-2.50 (m, 1 H). 2.4S-2.36 (m, 1 H), 2.33-1.7S (m, 4 H), 1.20 (d.

J= 6 3 Hz,3 H),081(d, J=6 2Hz,3 H).

Example 104: (114 mg, 3 1%, yellow solid) HPLC: 95.6 % purity, RT = 4.08 min. MS: nt/z =

66S.3 [M+H]'. 'H NMR (300 MHz, DMSO-d&, ppm) 8 10.07 (s, 1 H), 8.73 (s, 1 H), 8.41-8.20 (m,

3 H), 7.68-7.S9 (rn, 1 H), 7.42-7.33 (rn, 1 H), 7.18-7.09 (m, 1 H), 5.41-5.26 (rn, 1 H), S.20 (d, J =

6.8 Hz, 1 H), 4.60-4.36 (m, S H), 4.26-3.53 (m, 7 H), 3.51-3.35 (m, 2 H), 3.09-2.99 (m, 1 H),

2.82-2.76 (m, 1 H), 2.59-2.50 (m, 1 H), 2.45-2.39 (m, 1 H), 2.33-1.75 (m, 4 H), 1.21 (d, J = 6.5

Hz. 3 H), 0. 81 (d. J = 6.2 Hz. 3 H).

Example 105: 6-([6-[3-cyano-4-([1-[(2S)-2-hydroxypropanoyl]piperidin-4-

yl]oxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N,N-dimethylpyridine-3-carboxamide:
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CN
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Thc title compound was prcparcd from tert-butyl 4-(4-(6-aminopyrimidin-4-yl)-2-

cyanophcnoxy)pipctidine-l-carboxylate, 6-chloro-2-methoxy-N,N-dimethylnicotinamidc and

(S)-2-hydroxypropanoic acid using Methods 37, 3S and A. The 1'inal product was puril'ied by

prep-HPLC under the following conditions: column, XBridge Prep OBD C18 Column, 150 x 19

mm, 5 um; mobile phase, acetonitrile in water (with 10 mmol/L NHAHCOs). 18 '/0 to 29 '/0

gradient in 8 min; detector, UV 254 nm. 6-([6-[3-cyano-4-([1-[(2S)-2-

hydroxypropanoyl]piperidin-4-yl]oxy)phenyl]pyrimidin-4-yl]amino)-2-methoxy-N,N-

dimcihylpyridine-3-carboxamide was obtained as an yellow solid (16 mg, 12 %0 for 3 steps).

HPLC: 96.8 % purity, RT = 3.63 min. MS; m/z = 546.2 [M+H]'.'H NMR (300 MHz, DMSO-d6,

ppm) 6 10.39 (s, 1 H), 8.80 (s, 1 H), 8.51 — 8.21 (rn, 3 H), 7.62 (d, J = 8.1 Hz, 1 H), 7.54 (d, J =

9.1 Hz, 1 H), 7.21 (d, J = 8.1 Hz, 1 H), S.08 - 4.82 (m, 2 H), 4.SO - 4.40 (m, 1 H), 3.98 (s, 3 H),

3.79 — 3.73 (m, 2 H), '3.S3 — 3.47 (m, 2 H), 2.9S (s, 3 H), 2.82 (s, 3 H), 2.10 — 1.84 (m, 2 H), 1.73—

1.67 (m, 2 H), 1.19 (d, J = 6.S Hz, 3 H).

Example 106: TBK biochemical assay

Test compounds were transfened into Labcyte polypropylene 384 well plates (P05S-2S) and

diluied io 3 mM using DMSO. 3 mM test compounds were dispensed using Labcyte ECHO dose

response module into Greiner 784075 plaies (columns 3-12 and 13-22, 10 poini. 1:4) so thai high

concentration was 30 uM final. 100 uM of a rcfcrcncc compound (1 uM final high

concentration). Backfilling was performed if necessary so that all wells contain 1% DMSO final:

add 75 nl DMSO / well inio columns 1, 2 and 24 using Labcytc Echo.
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add 75 nl 1.0 mM staurosporinc / well into column 23 using Labcytc Echo (10 uM final)

add 4.5 ul enzyme / well using multidrop dispcnscr

add 3 ul substrate / well using muliidrop dispenser

incubate at 25 'C in Hcidolph incubator for 90 min.

add 7.5 ul 2X stop buffer using rnultidrop dispenser

read on labchip ez reader II using TBK1.job

Raw data 1'iles were opened in the Caliper LabChip Reviewer program (Version 3.0.265.0 SP2)

and peak assignmcnts werc adjusted to reflect "substrate first" with thc software "s post-run analysis

options. A spline-fit baseline was applied using thc software's analysis algorithm.

IKKc biochemical assay

Test compounds were iranslerred into Labcyie polypropylene 384 well plates (P055-25) and

diluted to 3 mM using DMSO. 3 mM test compounds werc dispensed using Labcytc ECHO dose

response module into Grciner 784075 plates (columns 3-12 and 13-22, 10 point I:4) so that high

concentration was 30 uM final. 100 uM of a reference compound (I uM final high

concentration). Backfilling was peri'ormed il'necessary so that all wells contain 1% DMSO linal:

add 75 nl DMSO / well into columns 1. 2 and 24 using Labcytc Echo.

add 75 nl 1.0 rnM staurosporine / well into column 23 using Labcytc Echo (10 uM final)

add 4.5 ul cnzymc / well using multidrop dispcnscr

add 3 ul substrate / well using multidrop dispenser

incubate at 25 "C for 90 min.

add 7.5 ul 2X stop buffer

read on labchip cz rcadcr II using IKKc.

Raw data files werc opened in ihc Caliper LabChip Rcvicwer program (Version '3.0.265.0 SP2)

and peak assignmenis were adjusted to rcllcct "substrate first'" with the software's post-run analysis

options. A spline-fit basclinc was applied using thc software's analysis algorithm.

The purpose of the plRF3 immunocytochemistry cell based assay was to identify small molecules

which modulates TBK/IKKs kinase activity through on target substrate phosphorylation of the

IRF-3 protein. On thc first day of the experiment, MDA-MB-468 cells werc plated in 384 well,

black, clear-bottom, Poly D lysine coated plates at a density of 5000 cells/well in 45ul of complete

DMEM and allowed to adhere overnight. On the second day compounds were added to cells at a

starling concentration oi 10uM with a serial dilution oi 3-told ior a total ol 10 points. The cells
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werc incubated for I hr at 37 'C. Cells werc then stimulated with Poly(I:C) at a final concentration

of 10ug/ml, and werc incubated for 2 hr at 37 "C. Following the incubation, media was removed

1'rom ihe wells and the cells were 1'ixed with 4%PFA I'or 15 min ai RT. Cells were washed at least

3 tirncs with PBS, and then pcrmcabilixcd with icc-cold methanol for 10 min at RT. Thc washing

step was repeated and thc cells were then blocked using 10% goat scrurn / 1% BSA. made up in

PBS and allowed to incubate at RT for I hr. Thc cells were washed again and then treated with an

anti-pIRF3 antibody at 4 "C overnight (1:250 dilution ol Abeam ab76493 in PBS containing

1%BSA). On the third day the primary antibody was washed off and plRF3 was detected by

adding thc secondary antibody conjugated to AlcxaFluor488 (I:200 dilution of secondary antibody

in PBS containing 1%BSA) for lhr at RT. Cells were washed and then countcrstaincd with

PI/RNase staining bui'ler for 15 min at RT and read on the Acumen Explorer laser scanning

cyiomcter. Thc pcrccntage of phosphorylation of thc IRF-3 protein was calculated using ihc

following algorithm, a modified version of the mean half width intensity (pIRF3 staining) / (PI

staining or I/of cells) x 100%). IC50 curves were generated using the Gcncdata software.

Results are given in ihe following table.

D ICso&5 ItM

C ICso ranges from I pM — 5 pM

B ICso ranges from 100 nM — 1.0 IrM

A ICso & 100 nM

Example
I

2

3

4

5

6

7

8

10

11

12

13

14

TBKI IC50
A

A

A
A
A

A

A

D
A
A
A
A
A

A

IKKe IC50
A

A

A

A

A
A
A
D

A

A

A
A
A
A
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15

16

17

18

19

20
21

22
23

24
25
26
27
28

29
30
31

32
33
34
3S

36
37
38

39
40
41

42
43
44
45
46
47

48

49
50
51

52
S3

54
S5

56
57

A
A

A

A
A
A
A
B

A

A
D
A
B

A

A

A
A
D
A
B

B

A

B

A
B

B

C
A

A

A
A
B

A
A

A

A
B

A
A
A

A

A
A

A

A
A
A

A

A

A

B

A
A

D

A

B

A
A
A

A

C

A

B

B

A

B

A
B

B

C
A

A

A

A

B

A
A
A
A

B

A
A
A
A
A
A
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58
59
60
61

62
63
64
65

66
67

68

69
70
71

72
73

74
75

76
77

78

79
80
81

82

83

84

85

86
87

88

89

90
91

92
93

94
95

96
97

98
99
100

A
A

A

A
A
A
A
A

A

A
A
A
A
A

A

A
A
A
A
A
A
A

A

A
A
A
A
A

A

A
A
A
A
A

A

A
A
A
A
A

A

A
A

A

A
A

N/A
A

A

A

A
A
A

A

A

A

A
A
A

A

A

A

A
A
A

A

A
A
A
A
A

B

B

A

A
A
A
A
A

A

A
A
A
A
A
A
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101

102

103

104

105

A
A

A

A
A

A

A
A
A

A

Example 107: Pharmaceutical preparations

(A) Injection vials: A solution of 100 g of an active ingredient according to the invention and 5 g

of disodium hydrogen phosphate in 3 1 oi'idisiilled water is adjusted io pH 6.5 using 2 N

hydrochloric acid, stcrilc filtered, transferred into injection vials, is lyophilizcd under stcrilc

conditions and is scaled under sterile conditions. Each injection vial contains 5 mg of active

ingredient.

(B) Suppositories: A mixture of 20 g oi'n active ingredient according to the invention is melted

with 100 g of soy lecithin and 1400 g of cocoa butter, is poured into moulds and is allowed to cool.

Each suppository contains 20 mg of active ingredient.

(C) Solution: A solution is prepared from 1 g of an active ingredient according to the invention,

9.38 g of NaHzPO9 2 H20, 28.48 g ol'azHPOx 12 H20 and 0.1 g ol'benzalkonium chloride in

940 ml of bidisiillcd waicr. The pH is adjusted to 6.8, and ihc solution is made up to 1 1 and

sterilized by irradiation. This solution could be used in the form of eye drops.

(D) Ointment: 500 mg of an active ingrcdicnt according to thc invention is mixed with 99.5 g of

Vaseline under aseptic conditions.

(E) Tablets: A mixture of 1 kg of an aciivc ingredient according io ihc invention, 4 kg of laciosc,

1.2 kg of potato starch, 0.2 kg of talc and 0.1 kg of rnagnesiurn stcarate is pressed to give tablets

in a conventional manner in such a way that each tablet contains 10 rng of active ingrcdicnt.

(F) Coated tablets: Tablets are pressed analogously io Example E and subsequently are coated in

a conventional manner with a coating of sucrose, potato starch, talc, Iragacanth and dyc.

(G) Capsules: 2 kg of an active ingrcdicnt according to thc invention arc introduced into hard

gelatin capsules in a conventional manner in such a way that each capsule contains 20 rng of thc

active ingredient.

(H) Ampoules: A soluiion of 1 kg of an aciivc ingredient according io Ihe invention in 60 1 of

bidistillcd water is sterile filtered, transferred into ampoulcs, is lyophilizcd under stcrilc conditions

and is scaled under sterile conditions. Each ampoule contains 10 mg of active ingrcdicnt.
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(I) Inhalation spray: 14 g of an active ingrcdicnt according to thc invention are dissolved in 10 1 of

isotonic NaCI solution, and the solution is transferred into commercially available spray containers

with a pump mechanism. The solution could be sprayed into the mouth or nose. One spray shot

(about 0.1 rnl) corresponds to a dose, of about 0.14 rng.

While a number of crnbodirncnts of this invention are dcscribcd herein, it is apparent that thc basic

examples may bc altered to provide other embodiments that utilize the compounds and methods

of this invention. Therel'ore, it will be appreciated that ihe scope oi'his invention is io be delined

by thc appended claims rather than by thc specific cmbodimcnts that have been rcprcscntcd by

way of example.
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We claim:

CI.AIMS

l. A compound of formula I,

p(RS)

CN

N

N N

H R

R's hydrogen, optionally substituted Ciw aliphatic, -OR, or halogen;

ring Z is phenyl or a S-6-membered heteroaryl having 1, 2, or 3 nitrogens;

each Rz is independently -R, halogen, -OR. —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,

NRC(O)R, -NRC(O)N(R)z, -NRSOzR, or —N(R)z;

each R's independently -R, halogen, -OR, —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,—

NRC(O)R, -NRC(O)N(R)z, -NRSOzR, or —N(R)z;

ring A is phenyl or a 5-6-mcmbercd hctcroaryl having l. 2, or 3 nilrogens;

R is -R, halogen, -OR, —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,

NRC(O)R, -NRC(O)N(R)z, -NRSOzR, or —N(R)z;

each R's independently -R, halogen, -OR, —SR, -SOzR, -SOR, -C(O)R, -COzR, -C(O)N(R)z,-

NRC(O)R. -NRC(O)N(R)z„-NRSOzR, or —N(R)z,

each R is independently hydrogen, C i s aliphatic, Cs— Q aryl, a 3-8 mcmbcrcd saturated or partially

unsaturated carbocyclic ring, a 3-7 mcmbcrcd hctcrocylic ring having 1-4 hctcroatoms

independently selected from nitrogen, oxygen, or sulfur, a S-6 membered monocyclic

heteroaryl ring having 1-4 heteroatoms independently sclccted from nitrogen, oxygen, or

sulfur; or a 6-12 rnmnbcrcd spiro, fused, or bridged bicyclic carbocyclic or heterocyclic ring

having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur; each of which

is optionally substituted; or

153



WO 20& 9/079375 PCT/IJ 5201 0/056192

two R groups on thc same atom arc taken togcthcr with the atom to which they arc attached to

form a C; ta aryl, a 3-8 membered saturated or partially unsaturated carbocyclic ring, a 3-7

membered heterocylic ring having 1-4 heteroatoms independently selected (rom nitrogen,

oxygen, or sulfur, o& a 5-6 mcmbe&cd monocyclic hctcroaryl ring having 1-4 hctcroatoms

independently selected from nitrogen, oxygen, or sulfur; each of which is optionally

substituted;

nis 1 or2;

p is 0, 1, or 2; and

qis 0, l,or2.

2. The compound ol claim 1, wherein R's H.

3. Thc compound of claim 1 or claim 2, whcrcin ring Z is phenyl, pyridinc, or pyrimidine.

4. The compound ol any preceeding claim, wherein ring Z is

„(R ) (Ra

(R')p,(R')

n(R'N

N
(Rs)p

n(R')
CN CN

(R )p p(R )

or

5. Thc compound of any preceeding claim, wherein each R is indcpenden&ly -R. halogen,—

OR, or —N(R)&.

6. The compound of any preceeding claim, wherein each R- is independently

4WV

0

HN F N N N F N
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0
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0
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'0

0
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0

PN~F

0

~N+F
0

''PN+F

0

''PN+F

0

~N+F
0

(y
(

N

0

( PNQ

0 0 0

N F N F
''

N F

0 0
JJ F F

OH OH

0 H
0

N N,
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7. The compound of any precceding claim, wherein each R is independently -R, halogen,

OR, or —N(R)2.

g. Thc cotnpound of any prccccding claim, wherein ring A is phenyl or pyridyl.

9. The compound ol any preceeding claim, wherein ring A is

(R')0

R4

(R')q

I
—C)

R4

(R')q

4
or R

10. Thc compound of any prccccding claim, wherein R is -R or -OR.

11. The compound of any preceeding claim, wherein each Rs is independently

R, -C(O)R, -CO2R, -C(O)N(R)tu -NRC(O)R, or —N(R)2.

12. Thc compound of any prcceeding claim, whcrcin each Rs is independently

I-IN N — NH N-

N~ N~
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0

G

N o

N o
0

13. The compound of claim 1, of formula II,

n(R'N
(Ra)o
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or pharmaccutically acceptable derivatives, solvatcs, salts, hydrates, or stcrcoisomers thcrcol'.

14. The compound ol claim I, ol formula VI,

n(R')

p(Rs)

(Rs)

VI;

or pharmaccutically acceptable derivatives, solvatcs, salts, hydrates, or stcreoisomers ihcrcof.

15. Thc compound of claim I, selected from Table 1.

16. A pharmaceutical composition comprising a compound of any preceding claim, and a

pharmaceui.ically acceptable adjuvant, carrier, or vehicle.

17. A method for inhibiting TBK and IKKe activity in a patient, comptising a step of

administering to said patient a compound of any onc of claims 1-15 or phat7naccuiically

acceptable derivatives, solvatcs, salts, hydrates, or stcrcoisorners thereof.

lg. A method for treating a TBK/IKKe related disorder in a patient in need thcrcof, comprising

the step of administering to said patient a compound of any onc of claims 1-15 or pharmaccutically

acccptablc derivatives, solvatcs, salts, hydrates, or stcrcoisorners thcrcof.

19. The method of claim I g, wherein Ihe disorder is selecied from Rheumatoid Arthritis.

Psoriatic arthritis, Ostcoarthritis, Systemic Lupus Erythcrnatosus, Lupus nephritis, Ankylosing

Spondylitis, Osteoporosis, Systemic sclerosis, Multiple Sclerosis, Psoriasis, Type I diabctcs,

Type II diabetes, Inflammatory Bowel Disease (Cronh's Disease and Ulcerative Colitis),

Hyperimmunoglobulinemia D and periodic fever syndrome, Cryopyrin-associaicd periodic
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syndromes, Schnitzlcr's syndrome, Systemic juvcnilc idiopathic arthritis, Adult's onset Still's

disease, Gout, Pscudogout, SAPHO syndrome, Castleman's disease, Sepsis, Stroke,

Atherosclerosis, Celiac disease, DIRA ( Del'iciency of IL-1 Receptor Antagonist), Alaheimer's

discase, Parkinson*s discase. and Cance&.

20. A method for treating Systemic Lupus Erythematosus in a subject, comprising a step of

administering to said subject a compound ol'ny one of claims 1-15 or pharmaceutically

acceptable dcrivativcs. solvatcs, salts, hydrates, or stcrcoisomcrs thcrcof.
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